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INTRODUCTION 

There  are  usually  four  stages  in  the  industrial 
evolution  of  a  productive  civilization  such  as  that  of 
the  United  States.  The  first  is  the  frontier  stage. 
All  the  men  and  most  of  the  women  work  with  their 
own  hands.  The  important  industries  are  those 
which  have  to  do  with  the  needs  for  food  and  clothes 
and  housing.  There  is  little  surplus  wealth  and  little 
spending.  The  hunter  and  the  trapper  is  gradually 
being  replaced  by  the  farmer  and  the  cattleman.  The 
factories  are  small,  and  supply  a  local  market:  the 
employed  class  is  not  numerous  at  any  one  place. 
Each  village  or  town  is  largely  self-dependent.  There 
are  many  mechanics  in  business  for  themselves. 

The  second  era  appears  with  the  miner,  the  pro- 
ductive manufacturer  and  the  development  of  trans- 
portation. The  industries  produce  more  than  the 
local  market  can  use,  and  more  of  a  different  kind, 
by  reason  of  the  aggregated  labor  and  its  economies. 
Supported  as  to  food  and  clothes  and  housing,  and 
with  the  highway  and  the  railed  way  seeking  to  con- 
vey goods  and  raw  material,  an  excess  of  wealth  be- 
yond that  required  to  meet  primary  needs  seeks  in- 
vestment and  return.  Greater  factories  arise,  co- 
ordination of  competitive  interests  takes  place,  and 
the  era  of  %ig  business,'^  of  extending  railways,  of 
good  highways,  of  luxury,  leisure,  of  culture  and  of 
art  begins. 

The  third  stage  may  be  called  the  era  of  Refine- 
nient  in  Production.  These  are  the  days  of  better 
business  management,  of  economies  of  administra- 


tioQ,  of  lowered  costs  of  production  am' 

of  hydro-electric   developments,   of   vo-opi 

production,  of  eifort  to  reduce  the  coat  of  living. 

The  fourth  stage  is  the  era  of  Uplift.  The  cap- 
taius  of  industry  see  not  alone  ttmt  it  is  thuir  duti 
to  make  tlie  producer  wealthy,  aud  the  facrtorj-  b& 
cient  and  economical,  but  also  that  the  human  eh- 
ment  mupt  be  healthy  and  life  worth  living.  Thest 
are  the  times  of  securing  safety  and  sanitation,  of  a 
recognition  of  the  truth  that  the  life  is  more  thao 
food  and  the  body  than  raiment;  that  the  eiaployei 
is  his  brotiiers  Iteeper, 

Now  the  book  of  which  these  few  lines  are  aft  TOf 
troductioi)  belongs  to  the  third  epoch  and  the  begi»' 
nings  of  the  fourth.  It  concerns  itself  with  the  in- 
duction of  operating  costs  in  the  power-plant,  and 
aims  to  apply  the  methoda  of  soimd  science  U>  the 
prohlcma  of  the  protluction  of  power.  The  Author 
has  spctcialiKcd  in  tlie  field  of  boiler-plant  economy 
and  fuel,  and  writes  with  the  authority  of  experience 
in  this  and  related  departments  of  research.  The 
treatment  of  power-plant  losses  ia  the  outcome  of 
study  of  llie  usual  ignorances  of  executives  and  su- 
perintend I'nts.  The  application  of  the  principles  ad- 
vocated has  actually  effected  savings  of  many  thou- 
sands of  dollars  annually.  The  treatment  is  to  con- 
vince the  business  end  of  the  productive  process,  u 
represented  by  the  owner  and  manager.  It  should 
be  convincing,  aa  the  combination  of  theory  and 
practice  has  been  experimentally  worked  out.  The 
power-plant  has  not  been  as  attractive  a  field  as  some 
others  to  the  so-called  efficiency  engineer;  and  the 
Author  has  had  the  privilege  of  recognizing  the 
human  factor  in  its  basal  relations  to  success.  This 
puts  the  book  in  its  pioneer  place  of  literature  as 
respects  the  fourth  epoch  of  industrial  evolution, 
and  the  ninth  chapter  should  receive  careful  study. 
Data  and  conclusions  on  the  combustion  process, 
f  uds,  testing  of  steam  generators,  and  the  reporting 
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on  any  investigations  made  are  features  of  the  later 

chapters- 

The  relations  of  the  Author  and  the  writer  of  this 
introduction  were  at  first  the  pleasant  ones  of  the 
professor  of  engineering  and  the  enthusiastic  student. 
These  have  continued  and  developed  into  those  of  the 
affection  of  the  older  man  for  the  younger  and  in- 
terest in  his  successful  achievements.  The  start  of 
the  younger  in  the  lines  of  thinking  that  the  me- 
chanical engineer  must  be  also  a  business  man  is  the 
older  fnan^s  contribution.  The  development  of  that 
idea  is  the  younger  man's  achievement  as  this  pre- 
sents it. 

Frederick  Remsen  Hutton, 

Past  President,  American  Society  of  Mechanical  En- 
gineers. 


PREFACE 

This  book  has  been  written  expressly  for  the  use 
of  the  owners  and  managers  of  our  manufacturing 
industries. 

My  object  is  to  set  before  them,  in  as  brief  and 
direct  a  manner  as  possible^  the  basic  information 
which  they  require  for  the  intelligent  handling  of 
their  power-plant  problems. 

With  this  idea  in  view,  I  have  in  my  introductory 
chapters  laid  stress  upon  those  fundamental  princi- 
ples and  natural  laws  which  are  essential  to  a  proper 
understanding  of  the  numerous  questions  of  specific 
nature  which  are  later  more  fully  developed. 

As  a  feature  of  consequent  importance  I  have 
given  the  actual  application  of  the  theories  to  the  defi- 
nite problems  in  hand,  in  order  to  show  their  direct 
relation  to  the  striking  economies  which  result  from 
their  practice. 

All  of  these  matters  are  broadly  covered  in  the 
first  nine  chapters,  and  are  so  composed  as  to  present 
a  bird's-eye  view  of  the  entire  subject  for  easy  review 
by  those  executives  whose  limited  time  would  pre- 
clude a  more  exhaustive  study.  For  such,  this  first 
section  alone  has  been  specifically  prepared. 

The  remainder  of  the  book  is  given  over  to  the  fur- 
ther and  more  detailed  study  of  the  questions  natur- 
ally arising  from  a  perusal  of  the  first  part,  and  log- 
ically belongs  more  especially  in  the  field  of  the  me- 
chanical superintendent  and  the  factory  engineer. 


VI  PREFACE 

The  book,  as  a  whole,  and,  in  so  far  as  its  limited 
size  allows,  represents  present  practice  in  the  work 
of  improving  factory  power-plant  efficiency,  and  indi- 
cates the  trend  of  advance  which  the  future  portends, 
both  on  the  side  of  equipment  and  of  operation. 

Were  I  permitted  the  publication  of  but  a  single 
chapter  of  this  book  my  immediate  choice  would  be 
in  favor  of  the  ninth  on  the  "Human  Factor''.  For, 
by  confining  my  expression  to  this  single  chapter,  the 
object  of  the  book  would  suffer  in  a  less  degree  than 
would  be  the  case  if  1  had  to  be  contented  with  any 
six. of  the  others. 

For  the  subject-matter  of  this  work  my  principal 
acknowledgments  are  respectfully  offered  to  my 
clients,  the  manufacturers,  in  whose  establishments 
and  with  whose  co-operation  I  have  been  enabled  to 
study  and  apply  the  principles  of  efficiency  fur  tlie 
building  up  of  economy  and  -the  reduction  of  prevent- 
able losses  in  factory  power  plants. 

David  Moffat  Myers 
New  York,  October,  1914. 
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PREVENTABLE  LOSSES 
IN   FACTORY   POWER-PLANTS 

Chapter  I 

THE  DETERMINATION  OF  EXISTING 

LOSSES 

EVERYONE   who  is  any  way   connected 
with  the  great  problems  of  the  times  is 
vitally  concerned  w^ith  the  extensive  subject 
of  preventable  losses.     Broadly  as  well  as 
definitely  considered,  all  the  questions  of  to- 
day depend  for  their  ultimate  solution  upon 
a  thorough  and  exhaustive  analysis  of  pre- 
ventable losses.     The   science   of  medicine, 
the  practice  of  surgery,  are  aimed  at  preven- 
tion beforehand  rather  than  an  attempted 
cure   after  the  physical  breakdown  has  oc- 
curred.    This  results  in  the  saving  of  life 
and  health,  the  improvement  of  human  effort, 
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and  the  countless  benefits  that  are  produced 
in  so  many  directions.  When  preventable 
losses  have  been  eliminated,  increased  effi- 
ciency is  the  direct  result. 

This  simile  may  be  extended  indefinitely. 
Take  the  great  social  problems.  The  work- 
ers and  reformers  are  striving  diligently  to 
understand  those  elements  in  our  social  sys- 
tem which  are  at  the  foundation  of  the  ex- 
isting losses,  mental,  moral  and  physical, 
toward  the  prevention  of  which  they  have 
devoted  their  efforts.  The  aim  is  first  by 
study  definitely  to  locate,  and  then  finally 
to  eliminate  those  elements  which  destroy 
human  efficiency.  No  matter  what  the  prob- 
lem, the  method  of  attack  both  logically  and 
actually  is  the  same.  Determine  the  prevent- 
able losses,  gain  knowledge  of  their  respec- 
tive causes,  and  then  intelligently  and  effec- 
tually eliminate  them. 

Turning  now  to  a  consideration  of  prob- 
lems of  engineering,  we  begin  to  deal  with 
elements  that  are  more  definite.  We  have 
a  vast  amount  of  reliable  data  from  which 
formulae  have  been  deduced.  These  formulae 
have  been  applied  to  actual  work  and  the 
work  has  proved  their  value. 

The  new  and  growing  science  of  efficiency 
engineering  as  applied  to  production,  al- 
though as  yet  in  the  days  of  its  infancy,  has 
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achieved  some  very  remarkable  results.  The 
various  leaders  and  workers  in  this  field, 
although  differing  considerably  in  their 
methods  and  in  their  theories,  are  all  united 
in  the  one  effort — that  of  reducing  prevent- 
able losses  to  a  minimum. 

But  in  this  field  the  engineer  is  compelled 
to  make  for  his  work  in  hand  a  definite  or 
maximum  standard  of  eflSciency,  and  toward 
this  standard  he  directs  his  efforts.  It  fol- 
lows that  the  careful  establishment  of  this 
standard  is  perhaps  the  most  important  fea- 
ture of  his  work.  This  standard  or  degree 
of  efficiency,  when  set  by  the  competent  ex- 
pert, is  always  a  practical  one,  and  can  be 
attained  by  the  best  known  practice  of  the 
profession  with  savings  which  at  times  seem 
wonderful  when  compared  with  old-time 
practice. 

For  all  work  of  high  accomplishment  an 
ideal  must  be  had  toward  which  to  work. 
This  ideal  must  be  kept  constantly  in  mind 
and  all  results  judged  in  comparison  with 
this  work,  which  should  represent  100  per 
cent  efficiency.  The  physician,  the  social 
worker,  the  efficiency  engineer,  must  each 
possess  a  vision  of  their  resj^ective  ideals, 
their  marks  of  100  per  cent  efficiency,  the 
physically  perfect  body  and  mind,  the  perfect 
unit  of  human  society,  the  perfect  process 
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for  production  without  loss.  All  imaginary, 
all  visionary,  but  absolutely  essential  and 
with  tremendous  power  for  inspiration  and 
attainment. 

And  here,  too,  arises  great  difficulty.  For 
in  most  fields  of  operation  there  is  wide  di- 
vergence of  opinion  as  to  what  constitutes 
the  ideal,  the  perfect  result.  In  medicine 
great  discoveries  are  made.  An  additional 
disease  is  brought  under  control.  But  the 
question  is  how  much  more  can  medicine  ac- 
complish even  if  perfection  of  knowledge  is 
reached?    No  answer  is  possible. 

In  society  great  reforms  have  been  ef- 
fected. Great  good  has  resulted.  But  what 
is  the  ultimate  good  that  will  result,  the  100 
per  cent  moral  efficiency!  What  is  the  stand- 
ard, the  perfect  human  ideal  whereby  all  lives 
may  be  accurately  and  truly  measured?  It 
is  the  very  diversity  of  ideals,  the  lack  of 
knowledge  of  the  one  perfect  universal  truth, 
that  prevents  more  rapid  progress  toward 
that  perfect  unit  and  body  of  human  society 
so  desired  and  so  necessary. 

In  production  or  efficiency  engineering, 
after  great  savings  have  been  made,  more 
savings  still  are  discovered  to  be  possible. 
It  is  impossible  to  know  at  what  point  the 
limit  of  economy  will  be  reached.  It  cannot 
be  known  what  constitutes  100  per  cent  effi- 
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ciency  or  how  much  preventable  loss  still 
remains  after  all  brain  power  and  training 
have  been  exhausted.  The  same  truth  applies 
to  the  science  of  machine  design.  A  device 
is  invented  which  increases  production  and 
reduces  the  unit  cost  perhaps  25  per  cent. 
Can  a  still  better  machine  be  devised  which 
will  reduce  to  a  still  further  extent  losses 
that  in  the  light  of  present  knowledge  and  ex- 
perience evade  all  attempts  at  discovery? 
The  answer  is  a  question.  There  is  no  100 
per  cent  efficiency  with  which  to  judge,  and 
future  improvement  is  entirely  prohlematic 
both  as  to  its  possibility  and  as  to  its  extent. 

Among  all  the  problems  of  our  time  there 
is  a  very  important  one  which  possesses  the 
tremendous  advantage  of  a  definite  deter- 
minable ideal.  The  100  per  cent  efficiency 
of  the  perfect  power  plant  is  known  and 
understood.  The  processes  involving  the 
production  of  ** power",  in  glowing  contrast 
to  almost  all  other  processes,  are  subject  to 
absolute  and  ultimate  analysis.  This  state- 
ment is  true  for  all  sources  of  power  and  for 
all  methods  of  converting  latent  energy  into 
active  work. 

As  an  instance  consider  water  power.  If 
we  have  a  stream  supplying  1 ,000  pounds  of 
water  per  minute  with  an  available  head  of 
33  feet,  a  perfect  turbine  or  water  wheel 
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would  convert  all  the  potential  energy  of 
the  water  into  useful  work ;  that  is,  we  should 
receive  33,000  foot  pounds  of  energy  per 
minute  because  that  is  the  full  amount  of 
energy  in  the  water.  It  is  therefore  impos- 
sible to  obtain  more  than  this  amount.  Ac- 
tually w^e  shall  obtain  much  less,  and  with 
certain  forms  of  wheel  perhaps  only  one-half 
this  amount.  In  this  case  the  efficiency  of 
our  process  is  exactly  50  per  cent  and  our 
losses  are  50  per  cent.  We  know  that  our 
limit  of  possible  improvement  in  our  machine 
is  100  per  cent,  or  a  maximum  of  33,000  foot 
pounds  per  minute  or  one  horse  power. 
Hence  we  have  fixed  for  us  by  natural  laws 
a  definite  standard,  a  100  per  cent  efficiency 
mark  which  represents  absolute  perfection.' 
If  a  turbine  could  be  designed  which  would 
develop  energy  at  the  rate  of  one  horse  power 
from  1,000  pounds  of  water  falling  33  feet 
per  minute  we  should  know  definitely  that 
we  had  evolved  a  perfect  process  and  that 
no  more  improvement  would  be  possible. 
There  would  be  no  further  losses  to  over- 
come. Owing,  however,  to  friction  and  other 
fixed  causes  we  do  not  expect  to  obtain  100 
per  cent  efficiency.  If  this  could  be  done  our 
turbine  would  be  able  to  pump  the  water  it 
had  used  up  over  the  dam  again,  thus  re- 
establishing its   source   of  power   and   we 
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should  then  have  the  much  dreamed  of  "per- 
petual motion'*. 

I  have  more  than  once  been  called  upon 
by  capitalists  to  investigate  perpetual-motion 
machines,  usually  called  by  other  names  for 
the  purpose  probably  of  misleading  the  inno- 
cent investor,  and  I  will  offer  to  such  an 
added  word  of  advice.  If  all  friction  and 
other  natural  inherent  losses  could  actually 
be  overcome  and  a  perpetual-motion  machine 
could  be  designed  and  made  to  operate,  it 
would  still  be  absolutely  worthless  for  the 
purpose  of  running  machinery  or  doing  any 
kind  of  work  whatever.  This,  for  the  simple 
and  comprehensive  reason  that  it  would  have 
to  expend  every  foot  pound  of  energy  devel- 
oped in  order  to  re-establish  its  source  of 
power,  and  there  would  therefore  be  no  sur- 
plus energy  available  for  purposes  of  outside 
work.  If  it  could  be  conceived  that  a  per- 
petual-motion machine  could  be  made  to 
work,  it  would  come  to  an  instantaneous 
standstill  as  soon  as  a  dynamo  or  any  other 
load  was  imposed  upon  it. 

This  simple  example  illustrates  accurately 
and  with  forcible  truth  the  fundamental  prin- 
ciple underlying  and  making  possible  all  work 
of  genuine  investigation  and  improvement 
in  the  field  of  power-plant  operation  and  de- 
sign.   This  underlying  truth  is  known  as  the 
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principle  of  **the  conservation  of  energy/^ 
Otherwise  stated,  energy  can  neither  be  de*^ 
stroyed  nor  increased.    It  is  true  that  energy^ 
can  be  transformed  from  one  manifestatioli 
to  another,  and  this  is  a  most  common  occur- 
rence in  Nature.    Thus  the  heat  of  the  suni^f 
evaporates  water  from  the  sea.    This  water 
is   precipitated   in   rain   on   the   mountains 
where  vast  reservoirs  of  latent  energy  are 
available  by  application  of  the  water  wheel, 
and  mechanical  energy  is  thus  the  direct 
result  of  the  evaporative  power  of  the  heat 
rays  from  the  sun. 

In  power  work  the  mechanical  energy  of 
the  w^ater  wheel  is  converted  into  the  elec- 
trical form  of  energy  through  the  medium 
of  the  dynamo.  The  latent  heat  of  coal 
through  the  agencies  of  the  furnace,  the 
boiler,  and  the  engine,  is  transformed  into 
mechanical  energy.  Through  the  generator 
connected  to  the  engine  it  becomes  electrical 
energj^  and  once  again  through  the  motors 
it  is  converted  back  into  the  mechanical  form 
of  work  on  line  shaft  and  moving  machinery. 
Thus  Ave  have  many  instances  we  may  call 
to  mind  which  illustrate  the  transformation 
of  one  form  of  energy  to  energy  of  another 
form. 

In  the  foregoing  example  of  transforma- 
tion it  will  be  realized  that  the  final  amount 
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of  energy  developed  in  the  machinery  is  less 
than  the  energy  supplied  to  the  motor  which 
drives  it.     That  supplied  to  the  motor  by 
the  dynamo  is  less  than  that  it  in  turn  re- 
ceived  from  the  engine,  while  the  engine 
transforms  into  useful   work  only  a  very 
small  fraction  of  the  heat  energy  it  derived 
from  the  boiler,  and  finally  the  boiler  gives 
to  the  engine  in  the  form  of  steam  only  a 
part  of  the  heat  that  was  applied  to  the  boiler 
in  the  form  of  fuel.    Thus  we  have  a  series 
of  energy  losses,  at  least  one  for  each  trans- 
formation, all  the  way  from  the  coal  in  the 
boiler  room  down  to  the  machinery  in  the 
factory  which  it  is  intended  to  operate. 

This  being  the  case,  tlie  reader  may  object 
that  the  consei'vation  principle  does  not  liold 
true,  for  we  have  started  Avith  100  per  cent 
of  heat  energy  in  the  coal  and  wlien  we  meas- 
ure the  amount  of  actual  output  at  the  dyna- 
mo or  the  motor  we  find  only  a  small  fraction 
of  the  original  input,  and  the  balance  is  sim- 
ply lost  or  dissipated  in  some  unaccountable 
way.  The  whole  matter  appears  to  be  a  mys- 
tery or  else  the  principle  of  conservation  is 
all  wrong  and  unreliable. 

As  a  matter  of  fact,  however,  there  is  no 
more  beautiful  method  of  proving  the  con- 
servation theory  than  to  start  with  100  heat 
units  of  energy  in  the  coal  pile  and  to  follow 
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each  successive  step  in  its  various  processes 
of  transformation  and  transmission  until  we 
find  at  the  end  of  this  journey  the  exact 
amount  of  useful  work  our  calculations  will 
have  called  for. 

The  greatest  feature  of  power  investiga- 
tion lies  in  our  ability  to  account  accurately 
for  all  units  of  energy,  from  their  original 
liberation  down  to  the  final  amount  of  useful 
work .  that  has  been  produced.  This  final 
amount  of  energy  or  the  useful  output  of  the 
plant  when  compared  to  the  original  input 
gives  us  the  over-all  eflSciency  of  the  process. 
Thus  if  we  find  that  by  using  a  certain  com- 
bination of  coal,  furnace,  boiler,  and  engine 
we  produce  an  amount  of  energy  at  the  belt 
wheel  equivalent  to  2,545  heat  units,  and  if 
we  have  burned  4  pounds  of  coal  of  13,000 
British  thermal  units  per  pound  to  do  this, 
our  input  was  4  by  13,000=52,000  British 
thermal  units.  Our  over-all  efficiency  in  this 
case  is  then  2,545-=-52,000=4.9  per  cent, 
and  our  losses  of  transformation  from 
heat  energy  to  mechanical  energy  have  been 
95.1  per  cent  of  the  original  heat  in  the  fuel. 
This  is  a  tremendous  discrepancy  between 
input  and  output,  as  -well  as  quite  an  ordi- 
nary one ;  and  were  it  not  for  our  knowledge 
of  the  principle  of  the  conservation  of  energy 
we   should  be   able   only   to   grope   blindly 
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toward  improvement.  We  would  have  no 
means  of  knowing  in  the  first  place  whether 
any  improvement  were  possible,  and  secondly 
we  could  not  know  in  what  direction  to  search 
for  preventable  losses. 

But  fortunately  such  is  not  the  case.  We 
are,  on  the  contrary,  able  to  analyze  definitely 
and  with  satisfaction  the  entire  energy  loss 
and  to  account  for  each  item,  and  further- 
more to  determine  what  part  of  the  total  loss 
is  preventable. 

In  other  words,  we  can  by  careful  inves- 
tigation and  proper  tests  analyze  each  step 
of  the  process  of  power  generation  in  such 
a  way  as  to  strike  a  balance  with  the  origi- 
nal input  of  energy  with  all  items  accounted 
for.  Then  by  concentrating  our  attention 
upon  each  individual  item  successively,  we 
are  able  to  determine  which  of  them  consti- 
tute preventable  losses,  whereupon  they  may 
be  reclaimed  by  proper  changes  in  operation 
or  equipment  and  the  over-all  ediciency  of 
the  plant  will  thereby  be  increased. 

In  the  days  of  Watt  the  power  problem  was 
one  of  entire  mystery,  and  improvements 
came  slowly  by  purely  experimental  hit-and- 
miss  methods.  The  gradual  determination 
and  gradually  increasing  application  of  the 
principles  of  conservation  of  energy  have 
changed  all  of  this.    In  1842  or  thereabouts 
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Joule  standardized  the  mechanical  equivalent 
of  heat.  He  found  that  772  foot  pounds  of 
mechanical  energy  would  raise  the  tempera- 
ture of  one  pound  of  pure  water  one  de- 
gree Fahrenheit,  which  is  the  unit  of  heat 
known  as  the  British  thermal  unit.  Later 
experimenters  determined  this  mechanical 
equivalent  more  accurately  to  be  778  foot 
pounds. 

By  this  *  *  equivalent ' '  we  know  exactly  how 
much  loss  takes  place  when  we  burn  so  many 
pounds  of  coal  and  produce  so  many  foot 
pounds  or  horse-power  hours  of  work  at  our 
engine  fly-wheel,  for  the  heat  energy  of  the 
coal  is  converted  by  its  equivalent  to  the  num- 
ber of  foot  pounds  of  energy  that  would  be 
produced  at  the  engine  fly-wheel  providing 
the  process  were  a  perfect  one.  Then  by 
comparing  the  horse-power  hours  or  foot 
pounds  the  engine  actually  does  produce  with 
the  perfect  result,  we  have  our  percentage 
of  efficiency  and  our  percentage  of  loss. 

When  we  turn  to  electrical  energy  our  cal- 
culations just  as  readily  and  just  as  accurate- 
ly translate  the  scales  of  our  values  either 
into  those  of  heat  or  of  mechanical  work. 
Thus  1  kilowatt-hour  equals  1.34  horse- 
power hours  which  equals  2,654,200  foot 
pounds  or  3,412  heat  units. 

Stated  in  terms  of  power,  which  means  rate 
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of  work,  we  have : — 1  kilowatt  =  1.34  horse 
power  =  3,412  heat  units  per  hour. 

Thus  it  is  seen  how  readily  and  accurately 
the  entire  process  of  power  generation  can  be 
followed  through  each  successive  step  from 
the  heat  units  in  the  coal  pile  to  the  final 
amount  of  mechanical  or  electrical  energy 
which  has  been  the  ultimate  object  of  the 
various  changes  set  in  motion. 

I  have  made  use  of  the  term  ** losses''  to 
represent  that  part  of  the  original  energy 
which  does  not  appear  at  the  end  of  the  pro- 
cess as  available  or  useful  work  for  the  pur- 
pose in  hand.  In  other  words,  I  have  spoken 
of  as  *4oss''  the  difference  between  the  in- 
put and  the  output  in  any  power  process — 
that  is,  the  discrepancy  between  100  per  cent 
efficiency  and  the  actual  efficiency  obtained. 
In  the  absolute,  however,  this  discrepancy 
or  apparent  loss  is  only  that  part  of  the  origi- 
nal energy  which  has  been  absorbed  by  re- 
sults other  than  the  one  desired.  A  simple 
illustration  may  be  of  value.  Suppose  an 
engine  driving  the  machinery  in  a  shop  is 
developing  100  horse  power  measured  at  its 
fly-wheel  and  we  find  that  only  50  horse 
power  is  reaching  the  actual  machinery. 
Then  the  efficiency  of  our  transmission  is  only 
50  per  cent  and  we  have  a  50  per  cent  loss 
which  is  absorbed  in  friction,  a  natural  cause 
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capable  of  absorbing  tmlimited  amounts  of 
energy.  A  part  of  this  loss  will  probably 
be  found  to  be  preventable,  say  to  the  ex- 
tent of  one-half.  Then  by  reducing  the  fric- 
tion to  this  extent  by  known  means  of 
transmission  improvement,  we  shall  have  in- 
creased our  efficiency  from  50  per  cent  to  75 
per  cent.  There  will  yet  be  a  loss  of  25  per 
cent,  but  we  shall  have  gained  25  -f-  50  or  50 
per  cent  of  available  machine  power,  or  have 
reduced  the  required  engine  power  by  33  1/3 
per  cent  for  the  same  machine  power. 

It  is  now  seen  that  while  there  are  no  losses 
in  nature,  at  the  same  time  we  do  find  mis- 
directed and  misspent  energy  prevailing 
when  we  desire  to  utilize  all  of  it  for  the  par- 
ticular purpose  in  hand.  Also  it  is  true  that 
in  nearly  all  cases  a  part  of  the  wasted  en- 
ergy can  be  recovered  and  applied  to  useful 
work.  The  term  ** waste  energy''  is  the  best 
to  apply  to  what  w^e  have  termed  **loss,"  and 
helps  us  to  remember  the  meaning  and  value 
of  the  principle  of  the  conservation  of  en- 
ergy. 

In  the  practice  of  fuel  economy  in  the 
boiler  plant  the  first  necessity  is  to  determine 
the  existing  efficiency  of  operation.  It  is  pos- 
sible and  readily  practicable  to  determine 
w^hat  percentage  of  the  heat  in  the  coal  is 
being  converted  into  heat  in  the  form  of 
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steam  in  the  boilers.  The  difference  between 
the  discovered  efficiency  and  100  per  cent  is 
the  waste  of  heat  (or  energy)  that  is  taking 
place.  If,  for  instance,  the  efficiency  is  found 
to  be  52y2  pc-  cent,  then  47^^  per  cent  of  the 
heat  of  the  coal  is  being  wasted.  An  analy- 
sis of  each  item  of  this  waste  may  develop 
the  fact  that  30  per  cent  of  the  total  heat  of 
the  coal  is  escaping  up  the  chimney.  A 
further  examination  may  prove  that  this  is 
caused  by  the  feeding  of  a  large  excess  of 
air  to  the  fire,  and  that  ITVls  per  cent  of  this 
is  unnecessary  and  can  be  stopped  by  using 
less  grate  surface  and  a  better  method  of 
handling  fires.  In.  this  case  the  17Vj  I^^t  cent 
of  waste  heat  is  added  to  the  old  efficiency 
which  increases  it  to  70  per  cent.  The  sav- 
ing in  fuel  at  once  becomes  17Vi'-^-70  or  25 
per  cent  and  the  gain  in  steam  for  tho  same 
coal  consumption  is  17Vo-^52Vi»  =  33  1/3 
per  cent.  It  happens  that  this  example  is 
drawn  from  one  of  my  recent  plant  investi- 
gations and  that  the  improvement  indicated 
was  effected  without  the  installation  of  any 
new  equipment  whatever.  The  saving  is  in 
constant  daily  operation  and  is  merely  typi- 
cal of  the  application  of  the  principle  of  con- 
servation of  energy  to  the  boiler  room  de- 
partment of  power-plant  practice. 

Owners  and  managers  of  industrial  plants 
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are  frequently  confused  and  often  misled  by 
the  extravagant  claims  of  promoters  regard- 
ing the  performance  of  their  power  contriv- 
ances. It  is  seldom  that  such  claims  are 
made  in  terms  of  true  efficiency  as  this  would 
at  once  discredit  their  statements.  An  in- 
stance of  this  kind  was  in  connection  with  a 
smokeless  boiler  furnace,  and  purported  test 
records  were  exhibited  which  showed  an 
evaporation  of  as  high  as  17  pounds  of  water 
into  steam  (from  and  at  212  degrees)  per 
pound  of  coal.  With  the  best  average  coal 
obtainable  (14,500  B.t.u.  per  pound)  this 
would  mean  a  thermal  efficiency  of  113.6  per 
cent.  That  is,  they  claimed  not  only  the  per- 
fect absorption  of  all  the  heat  the  coal  con- 
tained but  oyer  13  per  cent  more.  The  prin- 
ciple of  conservation  gave  timely  warning, 
and  shortly  afterward  I  was  called  upon  to 
conduct  tests  on  this  furnace  which  gave  very 
ordinary  results. 

In  summarizing  the  salient  points  of  our 
introductory  discussion  we  may  select  the 
following  basic  features  as  a  foundation  for 
subsequent  research  along  the  lines  of  pre- 
ventable losses. 

The  determination  and  location  of  pre- 
ventable losses  offers  the  most  natural  and 
logical  method  of  arriving  ultimately  at  in- 
creased efficiency  in  every  field  of  operation. 
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In  nearly  all  branches  of  human  endeavor 
there  is  no  proved  and  universally  accepted 
standard  which  represents  ultimate  perfec- 
tion or  100  per  cent  efficiency.  Consequently 
there  is  a  lack  of  the  necessary  ideal.  The 
result  of  perfect  process  is  unknown.  Owing 
to  this  fact  the  existing  degree  of  efficiency 
is  impossible  to  determine.  Therefore  the 
percentage  of  loss  or  waste  is  also  indeter- 
minable, and  improvements  are  made  only  as 
a  result  of  more  or  less  blind  experimenting. 
Furthermore,  after  an  increase  of  efficiency 
is  so  obtained,  there  is  no  way  of  knowing 
how  much  further  improvement  is  possible. 
This  condition  baffles  research  and  makes 
progress  entirely  problematical  both  as  to 
its  possibility  and  as  to  its  extent.  All  this 
trouble,  this  blindfolded  groping,  is  due  en- 
tirely to  our  inability  to  determine  the  per- 
fect ideal,  the  mark  of  final  attainment,  the 
degree  of  100  per  cent  efficiency. 

In  contra-distinction  to  nearly  all  other 
fields  of  research  and  progress,  that  of  power 
generation  and  application  is  imbued  by  the 
laws  of  nature  with  a  definite  ideal  of  per- 
fection beyond  which  we  cannot  attain,  and 
toward  which  we  may  concentrate  our  efforts 
with  the  intelligence  that  our  work  is  truly 
aimed  toward  the  elimination  of  waste.  This 
knowledge  is  based  on  the  unassailable  laws 
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of  the  conservation  and  the  transmutation 
of  energy.  These  laws  together  providing 
an  accurate  code  of  measurement  of  energy 
in  its  various  forms  enable  the  engineer  to 
analyze  with  certainty  all  of  the  steps  in- 
volved in  the  liberation,  transformation,  and 
utilization  of  energy  as  applied  to  the  pur- 
poses of  power-plant  design  and  operation. 

Just  as  the  expert  accountant  is  able  to 
analyze  the  expenditure  of  one  hundred  dol- 
lars in  a  business  enterprise  and  to  show 
where  some  of  them  are  wasted  or  misspent, 
and  finally  to  strike  a  true  balance  between 
income  and  expenditure,  just  so  truly  and 
with  as  great  a  degree  of  accuracy  a  trained 
engineer  may  analyze  and  balance  the  expen- 
diture of  energy,  from  the  original  100  per 
cent  income  or  input  to  the  final  machine 
horse-power  hours  of  useful  work,  and  in  so 
doing  he  may  point  out  where  certain  por- 
tions of  this  energy  are  misspent  or  wasted 
and  how  they  may  be  saved  and  converted 
into  useful  work. 

There  does  not  exist  a  power  problem  that 
is  not  capable  of  solution  by  the  intelligent 
application  of  these  principles  of  analysis. 
Furthermore,  experience  in  this  special  prac- 
tice has  demonstrated  that  preventable  losses 
have  been  found  to  exist  in  every  power  plant 
that  has  been  investigated,  and  it  is  some- 
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what  more  than  probable  that  they  exist  to 
greater  or  less  extent  in  every  pbwer  plant 
that  was  ever  designed  or  operated. 

While  all  types  of  plants  are  subject  to 
the  investigation  and  correction  of  prevent- 
able waste,  I  shall  confine  all  subsequent  sec- 
tions of  this  treatise  to  the  study  of  the  bet- 
terment of  efficiency  in  factory  power  plants. 
They  not  only  comprise  a  very  special  field, 
owing  to  particular  and  varying  require- 
ments peculiar  to  them,  but  they  have  re- 
ceived less  study  and  far  less  attention  than 
the  more  completely  developed  central  power- 
station  common  to  public-service  conditions. 
The  factory  plants  are  therefore  capable  of 
far  greater  improvement,  and  contain  as  a 
rule  a  very  large  percentage  of  preventable 
waste  which  is  capable  of  being  converted 
into  a  handsome  profit.  The  truth  of  this 
statement  will  be  demonstrated  throughout 
this  volume,  not  only  by  an  explanation  of 
the  method  of  making  investigations  but  also 
by  a  citation  of  typical  savings  that  have 
been  the  direct  result  of  this  work  when  ap- 
plied to  numerous  problems  in  factory 
power  plants. 


CnAPTER  II 

ATTAINABLE  EFFICIENCY  AND  ORDINAET 

WASTES 

'T^HE  local  and  practical  use  of  the  con- 
^  servation  principle  has  resolved  the 
work  of  factory  power-plant  investigation 
into  a  definite  and  at  the  same  time  compre- 
hensive code  or  system. 

The  object  is  to  determine  not  alone  the 
over-all  eflSciency  of  a  plant,  but  to  find  out 
the  individual  efficiency,  and  conversely  the 
waste,  of  each  step  in  the  generation  and 
utilization  of  the  energy  under  consideration. 
Bound  up  very  closely  with  the  practical  as- 
pect of  the  case  is  the  matter  of  ^'conamer- 
cial  efficiency"  which  always  demands  the 
most  careful  investigation.  For  it  is  with 
this  result  that  the  business  man  is  most 
vitally  concerned.  He  desires  to  know  how 
much  he  is  wasting  in  terms  of  dollars  and 
cents,  and  cares  very  little  for  this  value 
expressed  in  heat  units.    He  wants  to  be  defi- 
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nitely  informed  how  many  dollars '  worth  of 
fuel  he  can  dispense  with,  and  not  how  much 
the  combined  thermal  eflSciency  of  his  boilers 
and  engines  can  be  increased. 

Commercial  efiBciency  is  thermal  efficiency 
properly  modified  by  monetary  values  which 
may  be  readily  applied  as  demanded  by  any 
given  case.  The  business  man  is  not  very 
much  interested,  though  probably  confused, 
by  the  statement  that  the  internal-combustion 
eDgine  develops  a  higher  thermal  efficiency 
than  any  other  kind  of  prime  mover,  but  he  is 
interested  in  the  question  as  to  what  kind 
of  an  engine  will  produce  the  greatest  num- 
ber of  kilowatt-hours  for  one  dollar  when 
operating  under  his  local  conditions  and  spe- 
cial industrial  requirements.  Let  us  take 
an  example  of  commercial  efficiency,  quite  a 
common  one.  A  boiler  plant  is  equipped  to 
burn  high-grade  soft  coal  of  14,500  B.t.u., 
costing  $4  per  short  ton,  at  the  high  efficiency 
of  say  75  per  cent.  (I  have  tested  a  well 
equipped  plant  doing  exactly  this  work  in 
every-day  practice.)  This  operation  will  give 
1,000  pounds  of  steam  at  a  fuel  cost  of 
$0.1785.^ 

0.75  X  14,rj00=  11.2  pouuUa. 

*  ETaporatiion  per  pound  of  cool  = 

^    ^  970.4 

Thai  is  75  per  cent  of  the  heat  value  of  the  coal  (14,500  B.t.u.)  u  utilised, 

tod  a  pound  of  water  is  evaporated  into  Btearo  from  and  at  212  degrees  for 

oeb  970.4  B.t.u.  so  utilised.     This  last  figure  is  the  unit  of  evaporation, 

ud  is  the  amount  of  heat  required  to  gasify  a  pound  of  water  under  these 
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Now  if  there  happens  to  be  in  the  market 
a  poorer  grade  of  coal  of  12,000  B.t.u.,  which 
it  is  known  will  develop  under  equally  favor- 
able conditions  an  eflSciency  of  only  68  per 
cent  but  costing  only  $2.00  per  ton,  the  fuel 
cost  of  evaporation  may  be  made  by  its  use 
$0,119  per  1,000  poimds  of  steam.^  There- 
fore we  may  reduce  our  thermal  efficiency 
and  at  the  same  time  increase  our  commer- 
cial efficiency  enough  to  gain  a  fuel-cost  sav- 
ing of 


/0.1785— 0.1190\ 
\       (U785        / 


=  33  1/3  per  cent 


If  we  know  the  two  thermal  eflSciencies  and 
their  respective  coal  prices,  we  may  deter- 
mine a  true  comparison  of  commercial  ef- 
ficiencies by  application  of  a  very  simple 
formula,  retaining  the  present  existing  ther- 
mal eflBciency  as  a  basis.  This  formula  is  as 
follows : 

Commercial  EflSciency  = 

^        (B.t.u.2  X  Pricoi) 
(B.t.u.i  X  Prices) 

conditions  without  lom.     The  fuel  cost  of  evaporating  1,000  pounds  of 

,     .  1,000         $4.00 

water  will  be  m  this  case X =  $0.1785. 

11.2  2000 

0.08    X   12.000 

*  Evaporation  = =  8.4  pouncu  and  fuel  coet  of  1,000 

970.4 

1,000         $2.00 

poundB  steam  =  X  -      -    =^  $0,119. 

8.4  2,000 
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In  which: — 

EIc  =  the  new  thermal  efficiency  under  consid- 
eration. 

B.t.u.i  =  the  heat  per  pound  of  coal  now 
burned. 

B.t.u.2  =  the  heat  per  pound  of  coal  proposed. 

Pricei  =  cost  per  ton  of  coal  now  burned. 

Pricej  =  cost  per  ton  of  coal  proposed. 


The  commercial  efficiency  thus  obtained  is 
directly  comparable  to  the  original  thermal 
efficiency  of  the  boiler  plant. 

This  emphasizes  one  of  the  practical  appli- 
cations of  commercial  efficiency.  It  will  be 
noted,  however,  that  a  knowledge  of  thermal 
efficiency  is  at  the  foundation  of  the  commer- 
cial value  and  is  essential  to  it. 

There  are  many  other  instances  of  the 
modification  or  translation  of  thermal  effi- 
ciencies to  meet  financial  requirements.  One 
of  the  more  important  of  these  is  the  matter 
of  determining  the  net  financial  returns  con- 
nected with  a  proposed  change.  Thus  under 
a  given  set  of  conditions  it  may  be  found 
that  a  certain  device  wall  save  a  definite  per- 
centage of  the  coal  fired  under  the  boilers. 
It  is  self-evident  that  if  such  a  device  is  suf- 
ficiently expensive  in  first  cost  or  in  opera- 
tion, the  return  on  the  investment  will  not 
warrant  its  installation.  Also  an  accurate 
deduction  must  be  made  from  the  apparent 
saving*  to  cover  all  fixed  charges  necessitated 
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by  the  proposed  change.  These  charges  must 
always  include  the  items  of  interest,  depreci- 
ation, repairs,  added  labor,  and  sometimes 
insurance,  and  the  consideration  of  safety 
and  reliability  must  never  be  neglected. 

In  other  words,  the  true  commercial  sav- 
ing to  the  plant  owner  is  the  annual  gross 
saving  of  the  device  less  all  yearly  charges 
of  all  kinds  that  would  result  from  its  pur- 
chase anj  use. 

There  have  been  cases  in  my  experience 
where  for  instance  an  improved  type  of  steam 
engine  would  reduce  the  consumption  of 
steam  and  fuel,  but  where  cheap  fuel  was 
burned  so  efficiently  that  at  the  consequent 
low  cost  of  steam  tlio  saving  in  dollars  per 
year  would  not  have  paid  a  good  interest 
upon  the  cost  of  the  change. 

It  is  a  fact,  however,  that  in  most  factory 
plants  savings  can  always  be  made  which 
will  pay  for  thonis(»lvos,  all  charges  included, 
within  two  or  possibly  three  years,  after 
which  the  savings  are  clear  profit.  In  a 
great  many  cases  the  possible  savings  re- 
vealed by  scientific  investigation  are  so  large 
that  they  will  pay  for  themselves  in  one 
year  and  often  in  a  few  months. 

** Power  costs"  are  entirely  a  matter  of 
coinnK^rcial  eflSciency,  remembering  always 
that  commercial   efficiency  is  derived  from 
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tbermal    eflBciency   properly   modified   with 
monetary  values  suited  to  any  given  set  of 
local  conditions.     It  may  be  said  that  the 
cost  of  power  depends  upon  two  factors,  viz : 
— thermal   eflBciency   and   location;   for   the 
location  always  determines  the  cost  and  qual- 
ity of  fuel,  of  labor,  and  of  equipment  as  well 
as  the  value  of  money. 

I  have  said  that  the  principle  of  the  con- 
servation of  energy  has  enabled  us  to  reduce 
the  matter  of  power-cost  investigation  to  a 
definite  scientific  system.  This  system,  as 
just  pointed  out,  has  two  factors,  viz :  ther- 
mal efficiency  and  monetary  value,  the  two 
combined  producing  the  ultimate  commercial 
efficiency  of  the  sought  for  result.  I  have 
no  doubt  sufficiently  indicated  the  method  of 
converting  thermal  efficiency  into  commercial 
^dency,  a  purely  arithmetical  operation 
providing  ample  consideration  is  given  to  all 
entering  conditions ;  and  I  will  now  pass  on 
to  an  explanation  and  discussion  of  the  un- 
derlying chain  of  thermal  efficiencies  which 
constitute  the  foundation  of  economy. 

For  the  sake  of  clearness  in  this  undertak- 
ing I  will  take  an  example  of  what  may  be 
considered  a  typical  factory  power  plant. 

During  the  present  stage  of  our  develop- 
ment steam  power  is  employed  in  the  great 
majority  of  factories.    There  are  sound  rea- 
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sons  for  this  as  well  as  for  the  predi 
steam  will  continue  well  into  the 
the  one  grc^atest  source  of  power  f< 
dustries.  Therefore  we  shall  selec 
plant  for  our  ilhistration  of  factoi 
plant  analysis.  The  degrees  of  eff 
the  various  parts  of  our  plant  will  b 
as  a  fair  average  of  the  existing  c 
of  the  times. 

The  l)oil(»r  i)hint  generally  delive 
of  its  sl<»:uu  to  engines  and  pump? 
r(»niaind(*r  to  heatins:  svstems  an« 
work.  Tlic  exact  distribution  of  t 
is  determined  by  s])ecial  tests  mad 
l)urjK)se,  and  as  ilhistration  I  hav« 
a  simple  *' Steam  Ualance"  from  o 
n»])()rts  on  a  factory  boiler  plant. 

STKAM   UALANCK  FOU  HOILEU  ON  8-HOUR  ] 

7    A.    M.    TO    '^    P.    M. 

AverM^e  l)<)iler  horse  ])ow(t  (lev(»lupod  wi 

working;  lejid 

Averaj^e  holier  liorse  power  iise<l  by  main 

eii>;inr 

Averaj^e  boilrr  horse  ])ower  used  by  one 

feed  and  one  vacuum  ])umi) 

Av<TaKe  l)oiler  horse  ])o\ver  used  by  first 

coat  dry  room 

Avcn^^f*  l)oiler  liorse  ])ower  to' 

Imntinf^  eu^hies 
-pumi)hiK  enj^inc j.  hy  diff. 

Low  -  pn*ssure     holler  -  feed 
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While  these  several  uses  of  the  steam 
closely  inter-related  in  their  bearing  n 
our  problem  in  general,  it  will  facili 
analysis  to  treat  these  two  methods  of  < 
sumption  in  separate  though  parallel  c 
sions.  For  the  sake  of  clearness  there 
h  "^  ^  the  accompanying  series   of  diagrams 

I*-   I  ^  been  arranged  to  illustrate  a  plant  in  w 

all  the  steam  from  the  boilers  goes  dire 
:|l  I  "^  to  the  engines  and  no  live  steam  is  used 

ll    5  5  ^  heating.    (See  insert  facing  this  page.) 

We  have  now  seen  a  graphic  illustra 

of  the  complete  cycle  and  distributior 

If  1  ~  steam  such  as  would  be  actually  fount 

ill  .-  "^  what  may  be  truly  said  to  be  a  typical 

;|i  i  0  tory  power  plant,  providing  all  the  st 

II  *  ;g  from  the  boilers  first  entered  the  engi 

1^5  Usually,  however,  a  considerable  portio] 

this  original  steam  goes  directly  to  lioa 
and  process  work.     In  this  case  its  cj 
of  utilization,  waste,  and  return  can  be  tr; 
's   ?  r^  and  measured  in  the  same  way  that  has 

"   fc  R  been  illustrated  in  the  ciise  of  the  exli, 

steam.    This  will  be  treated  in  the  cha 
on  heating. 

It  will  be  noted  that  one  item  of  our 
«rgy  has  not  yet  been  folio we<l  througl 
the  end,  and  that  is  the  portion  of  heat 
^  t  ergy  which  was  converted  into  useful 

ehanical  work  by  our  steam  engine.    Tl 
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are  two  common  methods  in  factory  power 
plants  for  the  distribution  of  this  energy:  1, 
direct  mechanical  transmission,  by  shafting 
and  bolting  or  rope  drive;  and  2,  electrical 
transmission,  which  also  involves  usually  a 
certain  amount  of  mechanical  transmission. 

Now  since  there  is  a  vast  amount  of  con- 
fusion as  to  the  relative  advantages  of  these 
two  methods  and  regarding  the  controlling 
factors,  we  shall  examine  into  both  systems 
with  an  illustration  of  each,  together  with 
their  respective  attendant  losses  and  efficien- 
cies. Before  proceeding,  however,  let  it  be 
clearly  stato<l  that  there  is  no  prima  facie 
reason  for  expecting  great  differences  in  ef- 
ficiency from  either  system,  but  that  the  ad- 
vantages of  one  over  the  other  depend  en- 
tirely upon  local  circumstances.  As  will  be 
shown  in  our  ilhistration,  for  et^ery  loss  in 
mechanical  transmission  there  is  a  corre- 
sponding  loss  in  electrical  transmission,  and 
the  particular  conditions  surrounding  any 
given  case  will  alone  determine  the  advan- 
tages of  the  one  over  the  other.  Such  ad- 
vantages, it  is  tru(s  may  at  times  be  very 
groat  ind(»od,  but  so  much  misinformation  at 
present  exists  among  the  laity  on  this  sub- 
ject that  a  pair  of  analyses  will  be  of  ser- 
vice. 

Keferring  now  to  our  foregoing  diagrams 
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of  heat  and  steam  distribution  it  will  be  re- 
membered that  only  7.3  per  cent  of  the  heat 
in  the  steam  supplied  to  our  engine  was  con- 
verted into  mechanical  energy  or  work.  We 
have  seen  what  in  part  became  of  the  balance 
of  the  original  supply  of  heat  or  energy  from 
the  coal  pile,  but  at  present  our  interest  is 
confined  to  this  7.3  per  cent  of  the  heat  of 
the  steam  which  we  now  have  in  the  form 
of  work  at  our  engine  shaft.  During  our 
inspection  of  these  examples  of  transmission 
it  must  be  remembered  that  the  variations 
in  eflSciency  of  either  system  under  different 
conditions  of  operation  and  design  are  very 
great,  and  these  cases  are  selected  simply  for 
the  purpose  of  tracing  their  processes  of  ef- 
ficiency and  loss  in  a  manner  that  is  con- 
stant qualitatively  but  extremely  variable 
when  quantitatively  considered. 

For  both  cases  we  have  at  the  engine  shaft 
7.3  per  cent  of  the  heat  energy  of  tlie  steam 
entering  the  engine,  which  represents  an 
over-all  efficiency  of  4.16  per  cent  referred 
to  the  original  heat  in  the  coal.  For  clear- 
ness of  analysis  consider  the  energy  at  tlie 
engine  shaft  100  per  cent. 

The  analyses  on  pages  30,  31  give  a  fair 
representation  of  power  distribution  and  loss 
on  a  percentage  basis  of  the  full  or  constant 
output  of  the  main  engine.    Now  while  this 
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analysis  holds  true  qualitatively  at  all  times, 
yet  there  may  be  savings  possible  with  an 
electrical  system  in  cases  where  its  use  will 
enable  the  complete  shutting  down  at  times 
of  departments  of  a  factory  for  which  other- 
wise it  might  be  necessary  to  run  long  and 
heavy  line  shafts  continuously,  irrespective 
of  actual  power  required. 

On  the  other  hand,  if  all  machinery  is  to 
be  i-un  at  full  capacity  continuously,  in  the 
case  we  have  analvzed  electrical  transmis- 
sion  would  save  no  steam  at  the  engine  nor 
anv  coal  in  the  boiler  room.  This  whole  mat- 
ter  is  eaj)ab]o  of  computation  for  any  given 
sot  of  conditions  in  advance  of  making  con- 
templated changes;  and  in  such  calculation 
(which  should  bo  l)asod  upon  actual  test 
data)  the  cost  factors  must  be  carefully  ap- 
plied in  ord<»r  to  loarn  the  true  commercial 
efficiency  of  the  undertaking. 

COMPARATIVE   ANALYSIS   OF   MECHANICAL  AND   ELEO-* 
TKICAL    POWER    DISTRIBUTION    AND    LOSSES 

Mochanical  Transmission 

At  onpino  shaft 100 

Efficiency  of  main  belt 0.97 

Loss  at  main  beh 0.03 

Delivered  at  line  shaft 97 

Efficiency  of  line  shaft 0.85 

Friction  of  line  shaft 0. 15 

Delivered  at  countershafts 82.5 
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Efficiency  of  other  shafting  and  belting.  0.88 
Friction  of  other  shafting  and  belting. .  0. 12 

Delivered  at  machines 72.6 

Energy  delivered  at  machines  72.6  per 

cent  X  4.16  per  cent  =  3.02  per  cent 

of  the  heat  in  the  coal. 

Electrical  Transmission 

At  eng^e  shaft 100 

Combined  mechanical  and  electrical  effi- 
ciency of  dynamo 0 .  90 

Loss  at  dynamo 0. 10 

Delivered  on  switchboard 90 

Efficiency  of  electrical  mains 0 .  98 

Resistance  of  mains 0.02 

Delivered  at  motors 88 . 2 

Efficiency  of  motors 0. 88 

Mechanical  and  electrical  loss  in  motors.  0.12 
Delivered  at  machines  or  short  countershafts.     77 . 6 
Efficiency  of  countershafts  and  belting 

on  groups  of  machines 0 .  92 

Friction  on  countershafts  and  belting 

on  groups  of  machines 0.08 

Delivered  at  machines 71 .4 

Energy  delivered  at  machines  71.4  per 

cent  X  4.16  per  cent  =  2.97  per  cent 

of  the  heat  in  the  coal. 

The  principal  teaching  of  our  discussions 
thus  far,  however,  is  that  we  are  able  to 
analyze  each  successive  step  in  the  genera- 
tion and  utilization  of  energy  in  the  factory 
power  plant.  The  methods  of  performing 
this  analysis  will  be  discussed  later,  and  it 
will  be  shown  not  only  how  we  may  actually 
determine  the  over-all  and  the  individual  ef- 
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ficiencics  and  losses  in  our  processes,  but 
the  investigation  of  "the  preventable  losses 
will  be  taken  up  in  detail. 

For  the  present  let  us  realize,  if  we  can, 
that  no  energy  is  really  lost — it  is  only  mis- 
directed; that  the  principle  of  the  conserva- 
tion of  energy  as  pointed  out  in  our  first 
chapter  is  a  practical  theory,  and  constitutes 
the  very  foundation  of  our  present-day  prac- 
tice of  power-plant  investigation  and  im- 
provement. 

We  have  seen  in  the  foregoing  analyses 
that  each  successive  stage  in  the  chain  of 
conversions  and  transmissions  of  energy  has 
an  individual  efficiency  of  its  own,  and  that 
the  ultimate  efficiency  at  the  end  of  the  chain 
is  only  the  product  of  them  all.  Consequently 
it  follows  that  a  high  ultimate  efficiency  can 
be  obtained  onlv  from  a  thorough  studv  of 
the  individual  efficiiMicies.  The  improve- 
ment that  may  be  possible  depends  upon  the 
percentage  of  preventable  loss  in  each  of 
these  steps  or  stagers.  The  Joss,  or  rather 
waste,  in  each  step  of  conversion  or  trans- 
mission is  simply  the  difference  between  100 
per  cent  and  its  determined  efficiency.  The 
energy  which  constitutc^s  this  waste  is  all 
us(m1  in  wavs  that  can  be  d(»termined,  both 
as  to  location  and  extent.  It  is  not  lost  ex- 
cept in  so  far  as  it  affects  the  efficiency  of 
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our  plant.  Since  it  is  not  lost,  it  can  be 
traced  and  measured  and  analyzed  by  appli- 
cation of  scientific  knowledge.  When  thus  in- 
vestigated, that  part  of  the  waste  which  is 
preventable  can  be  determined,  and  the  cause 
being  also  definitely  learned  it  can  be  elimi- 
nated, wnth  the  result  that  this  preventable 
portion  is  saved  and  added  directly  to  in- 
crease the  old  efficiency. 

Now  our  general  view  of  the  operation  of 
the  typical  factory  power  plant  has  brought 
out  a  number  of  facts  which  will  guide  us 
toward  a  logical  method  of  investigation. 
Some  of  the  more  important  of  these  fea- 
tures are  here  enumerated. 

1.  The  correction  of  a  preventable  waste 
in  the  boiler  plant  resulting  in  a  given  per- 
centage of  fuel  saved  will,  from  a  fuel  stand- 
point, aflPect  the  whole  cost  of  power  and 
heating  throughout  the  plant  to  the  extent 
of  this  percentage.  This  fact  is  independent 
of  any  proportion  of  the  boiler  steam  that 
may  be  used  direct  for  heating  or  process 
purposes,  and  renders  an  investigation  of  the 
boiler  room  of  primary  importance.  Further- 
more, the  waste  in  our  average  boiler  plant 
is  very  great,  42  per  cent  of  the  heat  in  the 
coal,  and  it  may  be  added  that  a  large  part 
of  this  waste  is  preventable.  Thus  it  is 
>le  and  practicable  to  operate  a  factory 
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boiler  plant  at  70  to  75  per  cent  eflSciency. 
In  the  latter  case  we  should  be  able  to  add 
17  per  cent  of  the  42  per  cent  waste  to  the 
58  per  cent  efficiency,  and  the  result  would 
be  17-7-58  =  29.3  per  cent  more  steam  for 
the  same  fuel,  or  for  the  same  steaming  ca- 
pacity as  before  a  saving  in  fuel  of  17  -v-  75 
=  22.7  per  cent. 

A  plant  owner  who  was  retaining  me  to 
investigate  his  fuel  problem,  said  ''We  can 
see  just  where  our  principal  loss  is.  Those 
drips  from  our  heating  system  are  not  re- 
turned to  the  boilers  and  that  means  a  large 
waste."  As  a  matter  of  fact  the  drips  he 
referred  to  were  from  a  lieating  system  which 
condensed  possibly  onc^third  of  his  boiler 
steam.  The  drips  at  180  degrees  would  con- 
tain 120  B.t.u.  per  pound  or  40  B.t.u.  per 
pound  of  steam  at  the  boilers.  Since  a  pound 
of  his  boiler  steam  contained  1,150  B.t.u.,  the 
return  of  these  drips  would  represent  a  sav- 
ing of  only  40-^-1,150  or  about  3V^  per  cent 
of  his  coal  bill. 

He  was  making  the  common  mistake  of 
beginning  his  investigation  at  the  tail  end 
of  the  problem  instead  of  starting  in  at  the 
source  of  all  his  pow(»r  and  heating,  the  boiler 
plant.  Upon  centering  the  investigation  at 
this  point  a  preventable  loss  of  30  per  cent 
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of  the  entire  coal  pile  was  located  and  cor- 
rected. 

This  incident  is  quoted  merely  to  illus- 
trate the  principle  involved  in  the  logical 
method  of  attacking  the  factory  fuel  prob- 
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lera.  From  the  boiler  plant  as  a  centre  and 
source,  the  uses  and  wastes  of  steam  radi- 
ate outward  like  the  vanes  of  an  open  fan, 
each  blade  or  group  of  blades  representing 
the  proportion  and  consumption  of  steam  in 
each  department. 

Figure  8  illustrates  this,  the  black  sector 
representing  the  entire  output  of  the  boilers. 
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to  the  other  expedient  of  better  utilization  of 
its  exhaust  heatf  Why  not  put  in  a  steam 
engine  of  the  most  economical  type  with  the 
best  kind  of  condensing  equipment,  and  heat 
our  factory  with  steam  from  a  separate  low- 
pressure  boiler!  What  would  be  the  result 
of  this  plan  f  Would  it  be  best  to  throw  out 
the  steam  engine  entirely  and  substitute  an 
oil  engine,  a  producer-gas  plant,  or  current 
purchased  from  a  water-power  or  central- 
power  plant! 

What  are  the  efficiencies  of  other  prime 
movers  compared  to  the  steam  engine!    If 
they  are  better  why  not  use  them!    A  hun- 
dred and  one  questions  like  these,  and  more, 
arise  from  our  look  into  the  heat  efficiency 
of  the  steam  engine.     And  these  questions 
thus  inspired  form  the  raison  d'etre  of  the 
great  field  of  applied  science  comprising  this 
department  of  our  problem,  second  only  in. 
importance  to  the  boiler  plant. 

3.  We  have  noted,  to  the  surprise  of  some 
of  us  no  doubt,  the  tremendous  amount  of 
heat  contained  in  the  exhaust  steam,  al- 
though its  pressure  has  been  reduced  from 
101.3  pounds  to  5.3  pounds  and  during  this 
fall  in  pressure  has  developed  the  full  horse 
power  of  our  engine.  We  have  seen  that 
our  plant  is  blowing  away  about  half  of  this 
valuable  by-product  of  the  steam  engine,  and 
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it  cannot  be  separated  from  it  is  the  efficiency 
factor  of  the  heating  system  for  buildings 
and  process  work.  Our  typical  analysis  has 
shown  a  waste  of  70  per  cent  in  the  use  of 
steam  in  the  heating  system.  We  have  also 
seen  w^here  this  waste  goes  and  how  small 
a  part  of  it  is  returned  to  the  boilers.  There- 
fore a  careful  study  of  preventable  losses  in 
heating  systems  is  essential,  and  since  these 
losses  or  wastes  are  measurable,  as  well  as 
the  utilized  portion  of  the  energy,  we  are 
able  to  grasp  the  problem  with  the  simplicity 
of  directness.  This  advantage  is  character- 
istic of  our  whole  problem  since  it  is  com- 
pletely governed  throughout  by  the  very 
beautiful  and  satisfying  laws  of  the  conser- 
vation of  energy. 

We  have  now  a  fair  inkling  of  the  under- 
lying philosophy  of  power-plant  investiga- 
tion. I  have  stated  that  this  philosophy  has 
naturally  evolved  an  efficient  method  for  at- 
tacking any  given  problem,  so  that  perhaps 
the  next  logical  step  in  our  discussion  will 
be  the  statement  of  this  method  which  is  com- 
prehensive for  any  given  case. 

Again,  for  the  sake  of  clearness,  a  steam 
plant  will  be  taken  for  an  example,  rather 
than  risk  possible  confusion  by  an  attempt  to 
make  statements  both  broad  and  definite 
enough  to  cover  all  cases.    Let  it  be  under- 
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stood,  however,  that  the  principles  involved 
completely  cover  all  imaginable  types  of 
power  and  lieating  plants. 

Plan   of   Factory  Power-Plan  t  Investiga- 
tion 

1.  Boiler  Plant.  Tests  under  actual  w^ork- 
ing  coiiditi(ms  will  reveal  the  following  in- 
formation. 

Combined  Efficiency  of  boiler  and  furnace 
and  a  comparison  of  this  efficiency  with  what 
they  would  develop  under  right  conditions  of 
operation  and  equipment. 

Evaporation  per  Pound  of  coal  as  fired,  of 
dry  coal  and  of  combustible. 

Cost  of  Fuel  for  evaporating  1,000  pounds 
of  steam. 

Capacity  of  Boilers,  i.  e.,  horse  power  ac- 
tually (l(»voloped  compared  to  their  rated  ca- 
pacity or  heating  surface,  showing  whether 
hoilcrs  are  over-  or  under-loaded  for  best 
r(M»!i()my.  Tliis  will  show  whether  the  right 
luiiiilx'r  of  boilers  are  being  operated, 
\N licllicr  too  many  or  too  few  for  low^est  coal 
i'onsiimption. 

Sutnhcr  of  Heat  Vuits  in  a  Pound  of  Coal, 
asli,  im»istiin\  (*tc. 

total  Waste  of  Ileal  of  Coal  This  is  ob- 
r^iUNl  by   taking  chemical  aiudyses  of  the 
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gases  resulting  from  its  combustion,  together 
\srith  temperature  of  these  escaping  gases 
and  of  the  air  in  the  fireroom,  and  with  an- 
alysis of  the  coal  and  other  test  data. 

Heat  Balance.  A  definite  accounting  of 
the  expenditure  of  all  the  heat  in  the  coal  con- 
sumed. Thus  the  Efficiency  is  the  percentage 
of  this  heat  absorbed  by  the  boiler  and  con- 
verted into  steam.  The  balance  of  heat  is 
then  accounted  for  item  by  item  to  make  up 
the  full  100  per  cent. 

Load  Fluctuation.  As  affecting  type  of 
boilers,  kind  of  coal,  and  design  and  opera- 
tion of  furnaces. 

Preventable  Waste.  An  examination  of 
the  heat  balance  shows  exactly  what  portion 
of  the  total  waste  may  be  reclaimed  and 
added  to  the  eflSciency.  Such  portion  may  be 
collectively  caused  by  excessive  radiation, 
unburned  or  partially  burned  combustible, 
excess  of  air  supply  to  the  fires,  leakage  of 
cold  air  through  setting,  loss  of  carbon 
through  grate  or  through  cleaning  opera- 
tions, each  one  of  which  effects  has  a  direct 
c&use  which  can  be  eliminated  through 
changes  in  either  operation  or  equipment, 
and  generally  largely  through  the  former. 
The  special  local  causes  producing  these 
losses  may  be  determined  for  elimination. 
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Cost  of  Evaporation  with  some  other  or 
cheaper  kind  of  coal.  Adaptability  of  pres- 
ent equipment  for  such  change  and  its  at- 
tendant cost  of  installation  and  equipment 
This  includes  an  investigation  of  all  coals 
on  the  market,  taking  reliability  of  supply 
and  fluctuation  of  prices  into  consideration^ 
as  well  as  any  possible  additional  cost  of  fir- 
ing  or  ash  handling. 

Coal  and  Ash  Handling.  An  examination 
of  this  subject  under  local  conditions  with 
respect  to  the  possibility  of  reducing  cost  of 
the  work. 

Finally,  Recommendations  based  upon  the 
complete  finding  of  the  boiler-plant  investi- 
gation may  be  made  in  such  manner  that  the 
maximum  commercial  saving  which  can  be 
accurately  predicted  will  result  from  their 
execution. 

2.  Steam  Piping.  The  heat  and  fuel  loss 
due  to  badly  designed  or  uncovered  steam 
piping  are  calculated  accurately,  with  esti- 
mate of  financial  saving  possible  by  improve- 
ment in  these  respects.  Also  economy  due 
to  safety  of  properly  arranged  steam  piping, 
protection  of  engines  from  water,  etc.  Safety 
to  operatives  as  well  as  plant  depend  upon 
safe  boiler  and  engine  piping  and  precaution 
against  accident. 
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3.  Engit^e  Plant. 

Test  to  Determine  Efficiency  of  Engines, 
amount  and  cause  of  waste,  including: — 

Steam  Consumption  per  Horse-power  or 
Kilowatt  Hour  compared  to  good  normal 
consumption  for  the  particular  type  of  equip- 
ment. If  below  this  eflSciency  the  amount  of 
preventable  loss  is  known,  and  its  location  is 
determined  by  indicator  and  leakage  tests, 
as  well  as  friction  and  back-pressure  tests  on 
the  engine  and  eflSciency  test  on  the  electric 
generator  if  one  is  driven  by  the  engine. 

Thus  the  amount,  location  and  cause  of  the 
preventable  losses  are  discovered  and  correct 
remedy  can  then  be  definitely  recommended. 

Any  saving  that  might  be  possible  by  sub- 
stituting a  more  eflficient  type  of  engine  will 
now  be  calculable,  the  possible  use  of  ex- 
haust steam  to  figure  in  this  consideration. 

Fuel  Cost  per  Horse-Power  or  Kiloivatt 
Hour  can  now  be  obtained  (the  boiler  test 
having  been  made)  and  should  be  decreased 
by  a  true  allowance  for  any  part  of  the  ex- 
haust steam  from  the  engine  which  is  tak- 
ing the  place  of  an  equivalent  amount  of  live 
steam  that  would  otherwise  be  required. 

Value  of  Condensing  versus  Non-Condens- 
ing is  definitely  estimated  with  consideration 
of  all  surrounding  and  local  conditions. 
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Boiler  Pressure  as  aflfecting  engine  econo- 
my accurately  calculable. 

Superheating  steam  at  boilers  or  with 
separately  fired  superheater  investigated  for 
local  conditions  and  thermal  and  commercial 
eflSciencies  decided  with  proper  consideration 
of  design  and  construction  of  engines  and 
piping  and  percentage  of  boiler  steam  to  en- 
gines or  carried  long  distances.  Effect  upon 
dryness  of  exhaust  steam  with  bearing  on 
heating. 

Determination  of  relative  values  of  high-, 
low-,  or  raixed-jiressure  turbines,  compound 
or  simple  engines,  etc.,  for  the  local  require- 
ments. 

Day  and  Night  and  Summer  and  Winter 
Loads  as  affecting  number  and  type  of  en- 
gines. 

Recommendations.  These  are  made  only 
after  investigation  of  both  boiler  plant  and 
heating  system. 

4.  Heating  System,  including  steam  for 
process  work. 

Determination  of  that  Part  of  Boiler  Steam 
at  present  used  direct. 

a — For  heating,  day  and  night,  smnmer 
and  winter. 

b — For  process,  day  and  niglit,  summer 
and  winter. 
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Determination  of  that  Part  of  Boiler  Steam 
which  goes  to  engine  and  pmnps. 

Determination  of  that  Portion  of  Exhaust 
Steam  which  is  eflSciently  utilized  and  that 
part  which  is  wasted. 

Amount  of  Direct  Steam  that  could  be  re- 
placed by  exhaust  now  available,  or  which 
could  be  made  available  and  commercial 
economy  of  such  change  worked  out. 

Efficiency  of  Present  Heating  System  as 
found,  and  amount  of  preventable  waste  re- 
ferre<l  to  coal  consumption. 

Crediting  to  engine  performance  that  por- 
tion of  their  heat  given  to  the  heating  sys- 
tem, as  affecting  cost  of  fuel  for  power  only. 

Recommendations  on  Heating  based  not 
only  on  separate  investigation  of  same  but 
also  as  influenced  by  the  result  of  examina- 
tion of  Boiler  and  Engine  questions  as  per 
previous  headings. 

5.  Cost  of  Power.  This  is  of  especial  im- 
portance when  a  proposition  for  buying  elec- 
tric current  from  central  or  water-power 
station  demands  consideration.  The  full  data 
obtained  on  boiler  plant,  engines  and  heating 
enable  an  accurate  determination  of  power 
cost  per  kilowatt  or  horse-power  hour  by 
combining  such  data  with  full  operating 
costs  which  include  labor,  repairs,  interest, 
depreciation    and    insurance.      The    utiliza- 


••;  :'"-'^^'i  an.l  co.,stnicfi(,n  of 
mmig  and  j.orcontage  of  boiler 
ffines  or  carried  long  distances. 

/>e/.r,«i«a/i^„,  of  relative  vol. 

Jo^N,  or  mixed-pressure  turbin, 
or  sample  engines,  etc.,  for  the  . 

ments. 

Day  and  Night  and  Summ^ 
^oads  as  affecting  number  bJL 

gines.  «i^ 

Recommendations.    The8< 
after  investigation  of  both^ 
heating  system. 

4.  Heating  System,  ;' 
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able  fuel  waste;  and  in  accordance  with  the 
method  thus  developed  we  shall  now  consecu- 
tively consider  the  individual  efficiencies 
constituting  the  complete  cycle  which  we 
have  graphically  illustrated,  whose  com- 
bined product  constitutes  the  ultimate  effi- 
ciency of  our  factory  power  plant.  In  this 
proceeding  our  object  will  be  not  only  to  de- 
scribe the  theory  of  testing  each  o'f  these 
specified  efficiencies,  but  also  to  give  exam- 
ples of  such  tests  taken  from  actual  reports 
of  this  nature  and  to  show  in  a  practical  man- 
ner some  of  the  resultant  losses  that  are  thus 
determined  together  with  the  means  for  their 
correction.  In  this  treatment  the  boiler 
plant  will  logically  receive  our  first  attention, 
and  since  instances  from  actual  investiga- 
tions will  be  quoted  commercial  efficiency  will 
be  seen  to  be  the  ultimate  object  of  the  work 
throughout.  But  it  will  be  equally  apparent 
that  the  necessarj-  and  only  available  means 
for  a  complete  knowledge  of  this  financial 
value  is  the  determination  of  thennal  ef- 
ficiency in  accordance  with  the  laws  of  the 
conservation  of  energy. 
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tion.  It  requires  no  stretching  of  the  truth 
to  say  that  boiler-plant  improvement  by  this 
method  of  investigation  becomes  an  exact  sci- 
ence, and  one  of  great  practical  value. 

After  getting  acquainted  first  with  the  ex- 
ecutive and  operating  members  of  the  boiler- 
plant  department,  the  investigator  makes  ar- 
rangements for  conducting  boiler  tests  which 
shall   give  the  results  of  an  average   per- 
formance of  the  boilers  and  furnaces  under 
average  working  conditions.     The  chief  en- 
gineer is  requested  to  urge  upon  his  firemen 
that  they  shall  pay  no  attention  whatever 
to  the  boiler  testing  but  shall  perform  their 
duties  in  their  accustomed  everyday  fasliion. 
This  is  very  important ;  for  if,  as  sometimes 
happens,  the  firemen  receive  the  impression 
that  they  are  in  some  way  being  spied  upon, 
they  will  try  to  make  a  record  during  tlie 
test,  in  which  case  the  results  will  usually 
be  above  the  average  of  daily  practice.     If 
through  neglect  of  the  proper  precautions 
this  should  happen,  it  alters  the  test  results 
and  the  determination  of  preventable  waste. 
But  even  in  this  circumstance,  the  difference 
in  the  calculations  of  the  expert  is  on  the 
safe  side.     That  is  to  say,  if  the  plant  is 
operated  at  higher  than  usual  efficiency,  the 
possible  savings  predicted  by  the  investiga- 
tor will  be  proportionately  smaller,  so  that 
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when  his  recommendations  are  put  into  ef- 
fect the  actual  savings  thereby  produced  will 
be  larger  than  his  original  estimate.  This, 
however,  is  not  desirable  and  the  necessary 
precaution  should  be  observed  for  the  pre- 
vention of  its  occurrence. 

As  a  further  preliminary  measure,  the  ob- 
ject and  method  of  the  whole  investigation 
should  be  fully  explained  and  discussed  with 
the  operating  engineer.  When  he  is  the  kind 
of  man  who  is  truly  interested  in  the  eflfi- 
ciency  of  his  company's  plant  and  is  ambi- 
tious for  his  own  mental  and  pecuniary  ad- 
vancement, he  will  be  anxious  to  aid  in  the 
w^ork  and  to  gain  all  the  knowledge  and  in- 
formation from  the  tests  that  he  possibly 
can.  If  ocasionally  this  is  not  the  case,  then 
appropriate  measures  are  required  according 
to  the  circumstances. 

Since  combustion  consists  of  a  chemical  re- 
action of  gases  and  elements  with  the  oxygen 
of  the  air,  the  efficiency  of  its  operation  is 
not  visible  to  the  eye.  The  steam  gas  in 
the  boilers  which  is  the  object  of  the  com- 
bustion is  also  invisible.  Consequently  the 
average  factory-plant  riianagement  is  quite 
at  sea  regarding  the  efficiency  of  its  boilers 
and  furnaces,  even  though  it  may  be  very 
modern  in  its  efficiency  methods  when  deal- 
ing with  the  processes  and  products  of  the 
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mannfaetnriiig  departments.  The  efficiency 
of  a  boiler  plant  is  a  hidden  matter.  It  lies 
beneath  the  surface.  Nothing  less  than  a 
scientific  test  will  reveal  the  usually  great 
losses  that  are  taking  place.  These  losses, 
wliich  are  largely  preventable,  are  quite  in- 
dependent in  any  degree  of  the  external  ap- 
pearance of  the  equipment  itself,  and  such 
matters  as  white-tile  finish  and  polished 
brass  are  frequently  and  justly  comparable 
to  the  ** goodly  apple  rotten  at  the  core", 
ha  one  manufacturing  plant  which  I  investi- 
gated the  boiler  house  was  its  particular 
pride  and  joy,  and  no  suspicion  had  rested 
upon  it  as  the  possible  source  of  a  great 
waste  which  baffled  the  owners.  The  plant 
was  indeed  pleasing  to  the  eye  in  every  par- 
ticular, but  when  subjected  to  test  exhibited 
a  very  different  aspect  from  the  pocket-book 
point  of  view.  The  boilers  were  found  to 
be  developing  only  half  of  their  rated  capac- 
ity, and  although  the  total  requirements  were 
only  in  the  neighborhood  of  600  horse  power 
the  commercial-efficiency  test  discovered  a 
preventable  loss  of  $7,000  per  year  in  fuel 
expense. 

In  addition  to  the  necessity  of  boiler  test- 
ing, this  example  suggests  the  value  of  plac- 
ing a  plant  under  a  strict  efficiency  system 
which  shall  daily  reveal  to  the  management 
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the  economy  of  its  operation.  This  feature 
will  be  carefully  treated  in  its  proper  place. 

Very  frequently  unreliable  reports  are 
made  as  to  the  performance  of  boilers,  and 
largo  indeed  is  the  number  of  false  or  mis- 
leading statements  of  this  kind.  The  aver- 
age layman  accepts  as  criterion  a  statement 
or  determination  of  *Svater  evaporated  per 
pound  of  coal".  He  makes  no  distinction  be- 
tween actual  evaporation  and  equivalent 
eiapnratUoi  from  and  at  212  degrees.  These 
dilTereiit  ways  of  reporting  a  test  may  af- 
fect tli(»  resulting  figure  as  much  as  20  per 
cent,  and  if  the  business  man  is  not  sure 
of  how  his  test  was  made  and  just  what  the 
figure  in('aiis,  he  would  do  well  to  avoid  what 
may  prove  to  l>e  an  expensive  mistake  by 
Inking  the  wise  i)r(»eaution  of  finding  out. 

Still  another  connnon  error,  and  as  seri- 
ous a  one,  consists  in  taking  the  figures  which 
represent  evaporation  per  i)ound  of  combus- 
lihlr  f«M'  till*  evaporation  per  jiound  of  coal. 
Tins  leads  to  nnicli  trouble  because  coal  and 
combustible  are  not  tlie  same  thing.  The 
ivmbustible  |)ortion  may  be  oidy  80  per  cent 
of  the  weiglil  of  the  coal.  Consequently  the 
evaporalitni  basiul  on  combustible  is  always 
a  correspondingly  higher  ligur<»  than  that 
b«fi«xl  ou  tlu»  ena!.  Furthermore,  there  are 
two  w;iN*s  of  reporting  the  amount  of  com- 
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bostible,  the  dMfnical  aDi]  the  me^rhanieaL 
each  with  its  own  result.  Conse^juently 
when  we  consider  **  act  mat'*  evaporation  and 
^^  equivalent  evaporation  as  each  beinsr  com- 
monly referred  hoik  to  oo/  and  to  c\»mhmsti- 
hie,  we  have  four  correct  thoauh  ii;c^>m|-lfle 
methods  of  stating  boiler  results.  Add  to 
this  the  fact  that  the  amount  of  combusti- 
ble is  obtained  in  the  two  different  ways  just 
mentioned,  and  we  have  sis  different  meth- 
ods of  reporting  evaporation.  There  are 
still  two  more  ways,  viz:  actual  and  etjuiva- 
lent  evaporation  individually  base^i  on  the 
coal  as  fired,  which  contains  moisturo  some- 
times as  much  as  10  per  cent,  altering  the 
results  and  their  sisrnificance  to  a  niarkeil 
degree. 

Enough  has  been  said  on  this  point  to  in- 
dicate the  trouble  which  manairors  are  likolv 
to  have  in  understanding  and  interpivtins? 
correctly  the  value  and  meaninir  of  the  term 
''evaporation".  And  yet  it  remains  truo  that 
when  in  some  manner  thov  liavo  obtained 
a  single  one  of  the  numerous  evaporation 
figures  from  their  boiler  plant,  they  f reiiuent- 
ly  imagine  that  they  know  the  desrrce  of 
economy  with  which  their  boilers  are  work- 
ing. But  as  a  matter  of  fact  they  have  no 
such  knowledge,  even  if  the  determination 
is  entirely  correct,  which  is  seldom  the  case. 
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For  the  economy  indicated  by  an  evaporative 
result  depends  entirely  upon  the  heat  value 
of  the  fuel.  Thus  an  *  *  equivalent ' '  evapora- 
tion of  8  pounds  based  on  dry  coal  will  repre- 
sent the  fairly  high  boiler  and  furnace  ef- 
ficiency of  70.5  per  cent  if  a  pound  of  the  coal 
contains  11,000  heat  units;  but  the  same 
evaporation  with  a  coal  of  14,500  B.t.u.  will 
exhibit  the  poor  efficiency  of  only  53.5  per 
cent,  a  vast  difference  indeed.  And  so  the 
evaporative  result  of  a  boiler  means  nothing 
whatever  as  indicative  of  its  efficiency  unless 
the  heat  value  of  the  fuel  be  taken  into  our 
calculation.  Now,  by  referring  to  previous 
chapters  it  will  be  remembered  that  efficiency 
is  always  the  useful  output  of  energy  (or 
heat)  compared  to  the  input,  i.  e..  Output 
-r-  Input  =  Efficiency.  In  the  case  of  our 
boiler  and  furnace  the  heat  in  a  pound  of 
coal  represents  the  input  and  the  heat  in  the 
steam  generated  by  each  pound  of  coal  is  the 
output.  Now  the  heat  put  into  a  pound  of 
steam  varies  with  the  temperature  of  the 
feed  water  and  the  pressure  of  the  steam  in 
the  boiler.  For  conveniehce  and  uniformity 
of  expression,  mechanical  engineers  have 
adopted  a  unit  of  evaporation  which  is  sim- 
ply the  amount  of  heat  that  is  necessary  to 
evaporate  a  pound  of  water  from  a  feed- 
water  temperature  of  212  degrees  into  steam 
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at  the  same  temperature  and  the  correspond- 
ing or  atmospheric  pressure,  and  this  actual 
amount  is  970.4  heat  units  (B.t.u.).  Conse- 
quently, by  a  simple  calculation  involving  the 
factor  of  evaporation,  all  actual  evapora- 
tions under  varying  temperatures  and  pres- 
sures are  reduced  to  their  equivalent  evapo- 
ration from  and  at  212  degrees,  and  each 
pound  of  equivalent  evaporation  represents 
970.4  B.t.u. 

Thus  the  efficiency  of  a  boiler  and  furnace 
is  determined  by  dividing  the  ''output"  or 
pounds  of  equivalent  evaporation,  multiplied 
by  970.4  B.t.u.,  by  the  B.t.u.  in  a  pound  of 
coal  producing  that  evaporation.^  With  cor- 
rect data  in  hand  it  is  therefore  a  simple 
matter  to  obtain  the  efficiency  of  our  boiler 
plant,  and  when  thus  obtained  it  forms  a  true 
and  the  only  true  measxire  of  economy. 

Irrespective  of  the  value  of  the  coal,  the 
pressure  of  the  steam,  the  temperature  of 
the  feed  water,  the  kind  of  apparatus,  and 
of  any  and  all  conditions  whatsoever,  the 
thermal  efficiency  of  the  boiler  and  furnace 

'^  The  factor  of  evaporation  is  found  for  a  given  combination  of  steam 
P'KWtre  and  feed-water  temperature  by  dividing  the  actual  heat  in  a  i)ound 
^  thtt  ateam  above  its  feed  temperature  by  970.4.  Thus  the  formula 
bec(»Des: 

F  =  (H  —  h)    -s-  970.4  in  which 
H  =  total  heat  in  the  steam  above  32  degrees  at  the  operating  pressure; 
h  =  total  heat  in  the  feed  water  above  32  degrees;  970.4  =  latent  heat 
of  evaporation  at  212  degrees;  F  =  the  factor  of  evaporation. 
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forms  the  one  and  only  criterion  of  the  de- 
gree of  economy  or  waste. 

Having  obtained  the  efficiency  of  the  plant, 
we  shall  immediately  know  whether  its  per- 
formance is  above  or  below  good  practice. 
If  it  happens  to  be  below  (as  is  generally  the 
case)  it  becomes  necessary  to  study  and  to 
analyze  the  inefficiency  and  the  waste.  These 
are  always  the  differences  between  the  care- 
fully determined  percentage  of  efficiency  and 
100  per  cent.  Thus  we  know  exactly  what 
part  of  the  heat  of  the  coal  is  converted  into 
useful  steam  and  what  portion  is  lost  or 
wasted. 

If  we  had  to  stop  at  this  point  in  our  de- 
terminations, our  knowledge  and  consequent- 
ly our  ability  to  improve  would  be  limited. 
But  owing  once  more  to  our  natural  laws  of 
conservation,  we  are  enabled  to  measure  all 
of  tlie  losses  as  well  as  the  percentage  of  heat 
utilized.  This  analysis  of  waste,  together 
with  the  efficiency,  must  invariably  total  up 
to  the  original  heat  in  the  coal  at  the  begin- 
ning of  the  operation.  Such  a  balance  of 
efficieticy  and  loss  is  known  as  the  ''heat  bal- 
ance.'' With  the  heat  balance  before  us,  we 
shall  not  only  know  whore  the  greatest  losses 
occur  but  we  shall  also  know  what  causes 
them,  and  consequently  how  to  reduce  them. 
We  are  therefore  able  to  work  intelligently 
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and  can  predict  with  great  certainty  the 
amount  of  saving  that  will  be  produced  by 
making  the  changes  of  operation  or  design 
that  are  correctly  indicated  by  the  charac- 
ter and  extent  of  the  established  losses. 

The  actual  determination  of  the  heat  bal- 
ance involves  in  the  first  place  a  thorough 
and  complete  boiler  test,  together  with  a 
knowledge  of  chemistry,  for  combustion  in- 
volves the  conversion  of  chemical  energy  into 
heat  energy. 

HEAT  BALANCE   OF  A   BOILER  AND   ITS   FURNACE 

Total  Heat  Value  of  one  pound  of  combustible — 

100  per  cent 

Per  cent 

Heat  absorbed  by  the  boiler — useful x 

Losses  accounted  for: 

Loss  due  to  moisture  in  the  coal a 

Loss  due  to  moisture  formed  by  burning  of 

hydrogen b 

Loss  due  to  heat  carried  away  by  dry  chim- 
ney gases c 

Loss  due  to  incomplete  combustion  of  car- 
bon         d 

Loss  due  to  incomplete  combustion  of  hy- 
drocarbons . c 

Loss  due  to  incomplete  combustion  of  sul- 
phur          f 

L(^  due  to  moisture  in  the  air  and  to  radia- 
tion         g 

Loss  due  to  combustible  dropping  through 
grate  and  removed  in  cleaning  fire,  also 
heat  so  removed h 

Total  of  losses  plus  useful  heat 100 
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It  is  aside  from  the  purpose  of  this  book 
to  enter  ui)on  a  detailed  discussion  of  boiler 
testing,  of  combustion  or  of  steam,  for  any 
one  of  which  great  volumes  would  be  re- 
(luired.  It  is  simply  desired  to  indicate  those 
soui'ces  of  knowledge  upon  which  it  is  neces- 
sary to  draw  freely  for  the  production  of  a 
comi)l(»te  and  informative  boiler  test.  Hav- 
ing ilone  so  in  a  brief  manner  let  us  examine 
llu»  items  which  make  up  our  heat  balance, 
which  has  been  the  practical  object  of  our 
lest. 

In  order  to  obtain  the  data  from  w^hich  to 
cidcuhiti*  our  lieat  balance  it  is  necessary  to 
make  an  avt^rairc  dav's  run  on  the  boiler  or 
boi](M  s  and  to  take  careful  and  accurate  rec- 
ords of  water,  coal  (including  its  weight, 
moisture,  calorific  value  and  chemical  analy- 
sis), reailings  of  all  css(»ntial  temperatures, 
pressures,  and  draft  tests.  With  a  proper 
Icstiiig  (M|nipnieiit  tliis  is  not  so  complicated 
and  dilVh'ult  as  it  may  ai>p(*ar  and,  when  it 
hecoiurs  mulcrstood  thai  l>y  sueli  means  alone 
ran  tlir  pirvi'iitahlc  I(»sscs  1k»  dc^lermined,  the 
applicatinii  of  this  particnhir  branch  of  prac- 
lical  scii'Mce  will  increase  with  even  gi'eater 
tapi«lil\  than  has  niarktMl  its  progress  in  re- 
vvul  Neai's.  If  we  cany  this  out  thoroughly, 
lUvu  when  we  have  made  our  efficiency  test, 
^^^WK  u\av  indicate'  a  poor  ecoiioinv,  the  heat 
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balance  tells  ns  exactly  why  our  result  was 
so  poor. 

If  then  we  add  to  our  heat  balance  the  fac- 
tor of  conunercial  economy,  involving  a  de- 
termination of  the  comparative  values  of  all 
of  the  available  fuels  on  the  local  market, 
we  shall  have  covered  the  ground  so  com- 
pletely that  we  shall  have  definite  knowledge 
of  the  correct  solution  of  our  problem.  We 
shall  know  how  many  dollars  per  year  can 
be  saved,  and  how  to  go  about  producing 
that  saving  without  guesswork  as  to  any 
of  the  factors  involved. 

In  order  to  demonstrate  the  actual  work- 
ing of  the  heat  balance  I  will  quote  from 
a  section  of  one  of  my  reports  on  a  small  fac- 
tory boiler  plant.  The  figures  and  notes  fol- 
low: 


HEAT  BALANCE  BASED  ON  COMBUSTIBLE,  A.  S.  M.  E. 


CODE 


Combustible  =  15,445  B.t.u.  per  lb. 

BXm,    Per  cent 

1— Heat  absorbed  by  boiler 8, 155      52 .  80 

2--Lo8s  due  to  moisture  in  the  coal  22        0.14 
3— Loss  due  to  moisture  formed 
by  burning  to  hydrogen  (5 
per  cent  H  assumed  in  com- 
bustible)             544        3.52 
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B.Lu.    Per  cent 
Brought  forward 8,721       56.46 

4 — Loss  due  to  heat  carried  away 
in  dry  chimney  gases  (weight 
of  gas  per  lb.  combustible  X 
0.24  X  [T  —  t]) 3,700  24 

5 — Loss  due  to  incomplete  com- 
bustion of  carbon  (C  to  CO).  0 

6 — Loss  due  to  unconsumed  hy- 
drogen and  hydrocarbons, 
to  heating  moisture  in  air,  to 
radiation,  carbon  in  dis- 
charged ash  and  unaccount- 
ed for  (by  diflf.) 3,024      19.64 


TOTALS 15,445     100.00 

Notes  on  Heat  Balance 

The  loss  due  to  heat  carried  away  in  dry  chimney 
gases  is  shown  in  Item  4  in  the  above  balance.  This 
is  computed  according  to  principles  laid  down  in 
Chapter  XII  on  Combustion.  From  formulas  in  this 
Chapter  it  is  determined  that  by  improving  the  fir- 
ing so  as  to  increase  the  CO2  from  5.35  per  cent  to 
10  per  cent,  the  dry  chimney  loss  will  be  reduced 
from  24  per  cent  to  11.7  per  cent  of  the  heat  of  the 
combustible.  That  is  to  say,  12.3  per  cent  of  the 
heat  involved  will  be  added  to  the  old  efficiency  of 
52.8,  making  the  new  efficiency  65.1  per  cent.  The 
saving  in  coal  for  the  same  amount  of  steam  produc- 

12  3 
tion  will  be  ^^  =   19  per  cent  while  the  gain  in 
00.1 

steam  for  the  same  coal  consumption  as  at  present 

12  3 
will  be  TTT—  =  23.3  per  cent, 
oz.o 

The  method  of  the  above  determinations  was  as 
follows.  From  the  composition  of  the  fuel,  the  chem- 
ical air  requirements  were  obtained  with  the  formula 
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A  =  11.6  +  (34.8  X  Ha).    The  corresponding  or 
maximum  COj  was  obtained  from  the  formula  P   = 

-;^;^r .-,  ^,  .     The  weight  of  the  dry  products  of 

102  +  oOl  Ua 

combustion  was  found  for  5.35  CO2  and  10— CO2  by- 
means  of  the  formula  Wd  =  11.6  +  1  +  A^  +  0.77 

(H»  X  34.8)  in  which  H.  -  H  -  ^^  and  for  which 

A«  is  obtained  by  solving  for  it  in  the  formula  P   = 
11.6  X  21 

11.6  +  26.7  Ha  +  Ae* 

With  Wd  known  for  the  two  conditions  of  analysis, 
the  dry  gas  chimney  loss  is  computed  for  each  case 
and  the  reduction  of  this  loss  by  the  increase  of  CO2 
b  directly  added  to  the  old  eflS'^iency. 

Simply  improving  the  combustion  would  create 
this  gain,  but  there  would  also  be  an  attendant  gain 
from  reduction  of  radiation  losses  by  firing  a  single 
boiler  instead  of  two  boilers.  Consequently  the 
above  saving  is  a  safe  figure,  especially  as  no  fancy 
efficiency  is  called  for. 

As  a  check  upon  these  figures  a  23.2  per  cent  gain 
in  evaporation  over  the  present  evaporation  of  7.3 
would  give  9  pounds  of  water  per  pound  of  coal  from 
and  at  212  degrees. 

This  evaporation  of  9  pounds  would  represent  a 
combmed  efficiency  of  9  X  970.4  4-  13,400  =  65 
per  cent  efficiency. 

To  give  this  result  in  terms  of  actual  evaporation 
under  observed  conditions  with  the  city  water  tem- 
perature as  tested,  the  above  result  would  correspond 
to9  -r  1.18  =  7.62  pounds  instead  of  the  evaporation 
found  in  test  amounting  to  6.09  pounds. 

The  change  in  the  method  of  firing  as  spec- 
ified was  put  into  immediate  effect,  and  the 
results  obtained  exceeded  the  safe  predic- 
tion that  the  heat  balance  made  possible.  The 
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actual  saving  was  over  25  per  cent  of  the 
coal  formerly  consumed. 

So  much  for  thermal  eflBciency  pure  and 
simple.  The  commercial  efficiency  of  the  case 
was  then  calculated  and  I  again  quote  from 
my  report  in  this  regard. 

Anthracite  screenings  in  this  particular  locality, 
however,  seem  to  ofifer  a  much  more  attractive  solu- 
tion of  the  problem. 

Good  screenings  or  D  &  H  birdseye  contain  11,000 
to  12,000  B.t.u.  per  pound,  as  compared  to  13,400 
B.t.u.  in  your  present  $3.50  soft  coal. 

The  delivered  prices  on  the  former  according  to 
your  information  run  from  $0.90  to  $1.40  per  ton. 
The  sample  given  me  of  the  $1.40  coal  from  the  X.  Y. 
CoiU  Co.  app(^ars  to  be  a  verj^  high  grade  of  this  fuel 
which,  however,  will  vary  more  or  less. 

Now  ill  order  to  make  th(^  following  calculation  a 
safe  on(^  1  will  figure  on  $1.40  instead  of  $0.90  per 
short  toil,  and  on  only  11,000  B.t.u.  per  pound. 

Thus  wc  have  the  follo\ving  comparison  with  your 
prtVMUit  coal,  moisture  content  assumed  to  be  the 
wottc^  in  each  coal. 

Table  of  Coal  Value  Comparisons 
PmMt  coal,  bituminous  $3.50  per  2,000  pounds 

Mivt^nnl,  13,400  B.t.u.  per  dry  pound. 
JMkmoiU^  Hcr(H»nings,  $1.40  per  2,000  pounds  de- 
Hftltd)  11,000  B.t.u.' per  dry  pound. 

Ciwt  of  1 ,000,000  Heat  Units  (B:t.u.) 
9Ql4^  bituminous 

fJSRnr'HMOO  B.t.u.  =  ^^'^^^ 
hUOmmingH 

11,40      ^  $0.0637 

Sni.<><H)  B.t.u. 

j^lt  lieut  value  and  the  highest  price 
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per  ton,  the  same  amount  of  heat  would  cost  you 
$0,064  with  the  screenings  as  compared  to  $0.1305 
with  the  present  soft  coal. 

Consequently  if  you  burned  the  anthracite  screen- 
ings at  the  same  low  eflSciency  now  found  to  be  ob- 
taining with  the  soft  coal,  your  coal  bill  would  be 
0.0637  4-  0.1305  =  48.8  per  cent  of  present  bill,  or 
a  sa\ing  of  51.2  per  cent  per  year  of  the  present 
expense. 

This  figure,  however,  51  per  cent,  does  not  repre- 
sent the  full  saving  that  you  can  obtain  by  a  sub- 
stitution of  this  fuel,  for  the  reason  that  instead  of 
burning  same  at  your  present  eflSciency  you  would 
be  able  easily  to  bum  it  at  an  efficiency  of  65  per 
cent  with  a  properly  designed  equipment.  I  have 
designed  two  plants  for  this  fuel  which  are  operating 
at  an  even  higher  efficiency  than  this. 

Your  cost  of  evaporation  with  11,000  B.t.u. 
screenings  at  $1.40  per  2,000  pounds  delivered,  at 
65  per  cent  eflSciency,  would  be  (at  the  rate  of  7.37 
pounds  evaporation  from  and  at  212  degrees) 

1,000  y  $1.40         ^^. 

T37   ^   2;000    =   ^'^^ 
per  1,000  pounds  of  steam  from  and  at  212  degrees. 

As  a  further  comparison  and  check  upon  these 
statements,  one  of  my  plants  has  a  cost  of  evapora- 
tion of  $0.10. 

Your  present  cost  of  evaporation  is  $0,244.  Con- 
sequently by  taking  the  proper  steps  you  have  a  coal 
cost  saving  waiting  for  you  amounting  to  (0.244  — 
0.10)  -5-  0.244  =  59  per  cent  of  your  present  yearly 
coal  bill.  That  is  to  say,  about  60  per  cent  of  the 
coal  bill  can  be  saved  on  a  conservative  estimate. 

It  will  be  remembered  that  this  estimate  is  figured 
on  11,000  B.t.u.  instead  of  12,000  B.t.u.  coal,  and 
on  a  price  for  same  of  $1.40  instead  of  a  possible 
$0.90. 

Since  the  original  writing  of  this  section 
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all  these  changes  have  been  carried  out  and 
have  now  been  in  operation  about  a  year. 

The  client  now  reports  his  average  cost  of 
evaporation  at  about  9  cents  instead  of 
his  original  fuel  cost  of  24.4  cents.  That  is, 
his  saving  by  these  changes  amounts  to  63 
per  cent  of  his  former  cioal  bill. 

Thus  we  have  an  example  from  an  actual 
case  of  the  application  to  the  boiler  plant 
of  the  method  of  investigation  logically 
evolved  by,  and  dependent  upon,  the  laws  of 
the  conservation  of  energy.  We  have  in- 
troduced the  money  factor  in  its  relation  to 
thermal  value,  with  the  result  of  discovering 
a  saving  of  over  60  per  cent  of  the  original 
coal  bill. 

It  is  the  duty  of  the  investigating  engineer 
to  translate  into  physical  and  financial  terms 
the  items  of  the  heat  balance,  the  determina- 
tion of  which  forms  the  first  part  of  his  task. 
These  items  of  wasted  heat  are  directly  trace- 
able to  certain  causes  which  vary  in  number 
and  kind  as  the  case  may  develop,  but  in 
order  to  obtain  a  working  idea  of  how  this 
translation  is  effected  let  us  take  our  heat 
balance  and  run  over  a  brief  description  both 
of  the  determination  and  of  some  of  the  prac- 
tical means  of  eliminating  or  reducing  these 
losses. 

W(»  liavo  already  discussed,  with  sufficient 
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amplification  for  our  purposes,  the  method  of 
calculating  the  efficiency  or  useful  percentage 
of  the  heat  in  the  coal  as  determined  from 
part  of  the  data  observed  in  the  boiler  test. 
We  shall  now  consider  each  item  of  loss  in 
turn,  using  the  simplest  form  of  heat  bal- 
ance based  on  combustible,  and  for  this  pur- 
pose (which  is  simply  for  illustration)  we 
shall  follow  the  form  of  the  heat  balance  last 
quoted. 

The  heat  value  of  the  coal  in  this  case  was 
13,400  B.t.u.  per  pound,  dry.  The  ash  in 
this  coal  by  analysis  was  13.24  per  cent. 
Consequently  the  combustible  matter  was 
only  86.76  per  cent  and  its  heat  value  per 
pound  must  therefore  be  13,400  B.t.u. -f- 
0.8676  or  15.445  B.tu. 

The  first  heat  loss  is  that  due  to  moisture 
in  the  coal  and  is  numbered  '*2"  in  the  bal- 
ance. This  water  has  to  be  raised  from  the 
temperature  of  the  air  in  the  fireroom  to  the 
temperature  of  the  hot  gases  leaving  the  boil- 
ers, and  in  so  doing  is  converted  into  super- 
heated steam,  thus  involving  the  large  item 
of  its  latent  heat,  i.  e.,  970.4  B.t.u.  per  pound. 
In  addition,  sufficient  heat  must  be  added  to 
each  pound  of  water  to  raise  its  temperature 
from  that  of  tlie  fireroom  air  up  to  212  de- 
grees, and  again  from  this  point  in  the  form 
of  steam  gas  up  to  the  chimney  tempera- 
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tnre.  All  of  these  factors  are  taken  as  part 
of  the  boiler-test  observations,  so  the  loss 
is  readily  calculated.  In  this  case  it  amount- 
ed to  only  22  heat  units  for  each  pound  of 
combustible  or  0.14  per  cent  of  the  heat  to 
the  furnace. 

The  second  loss  is  due  to  moisture  formed 
by  the  burning  of  hydrogen  to  water  or  steam 
gas,  and  the  heat  carried  away  by  each  pound 
of  such  steam  is  calculated  in  the  same  way 
as  just  described  for  the  moisture  in  the  coaL 
It  is  first  necessary,  of  course,  to  determine 
how  much  of  this  steam  is  formed  per  pound 
of  combustible  fed  to  the  furnace.  This  is 
obtained  by  taking  the  percentage  of  hydro- 
gen in  the  fuel  and  performing  a  simple 
chemical  calculation.  In  this  case  our  hydro- 
gen moisture  loss  amounted  to  3.52  per  cent 
of  the  heat  of  the  combustible. 

The  next  or  third  loss  is  the  amount  of 
heat  that  is  carried  away  up  the  chimney  by 
the  dry  hot  gases  of  combustion.  This  is  com- 
monly called  the  chimney  loss,  and  is  of  the 
utmost  importance  in  boiler  practice.  Its  cal- 
culation depends  upon  the  temperature  and 
the  weight  of  these  gases  as  they  leave  the 
boiler.  Here  again  we  must  resort  to  chem- 
istry, and  during  our  test  we  have  taken  a« 
large  number  of  samples  of  the  flue  gases  and 
have  subjected  them  to  analysis  in  a  chemi- 
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cal  apparatus  which  determines  the  volumet- 
ric proportions  of  CO2  (carbonic  acid  gas, 
the  product  of  complete  combustion  of  car- 
bon), 0  (free  oxygen  that  has  remained  un- 
combined  or  has  played  no  part  in  the  com- 
bustion),   CO    (carbon  monoxide,    or   half- 
bumed    carbon)     and    nitrogen,    the    inert 
portion  of  the  atmosphere  which  acts  merely 
as  an  unavoidable  diluent  and  cooling  agent 
of  our  combustion  gases.    From  these  data 
we  are  able   to   determine  the  amount   or 
weight  of  air  that  has  been  supplied  per 
pound  of  combustible,  and  consequently  the 
weight  of  the  resulting  products  of  combus- 
tion.    This    chimney-loss    computation    in- 
cludes leakage  of  air  through  the  boiler  sot- 
tings.     Chemistry  and  physics  give  us  the 
specific  heat   of  these   various   gases,   and 
knowing  their  temperature  and  their  weight, 
these  three  factors  are  multiplied  together 
and  the  resulting  product  is  the  number  of 
heat  units  in  the  dry  chimney  gases  for  each 
pound  of  combustible  supplied  to  the  furnace. 
In  this  particular  case  the  chimney  loss 
amounted  to  3,700  B.t.u.,  or  24  per  cent  of 
the  heat  of  the  combustible.     The  chemical 
^alyses  made  during  the  test  also  showed 
that  about  43  pounds  of  air  were  being  sup- 
plied to  the  furnace  for  each  pound  of  com- 
bustible, whereas  in  good  practice  only  18 
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pounds  are  required.  This  great  amount  oH 
surplus  air  beyond  the  combustion  require- 
ments was  absorbing  heat  from  the  coal  and 
carrying  it  away  up  the  chimney,  instead  of 
allowing  it  to  be  absorbed  by  the  boiler. 
Hence  it  was  plainly  indicated  that  this  air 
supply  should  be  reduced.  Now  other  data 
from  our  boiler  tests  showed  a  very  low  rate 
of  consumption  of  coal  to  the  square  foot  of 
grate  surface.  That  is,  the  grate  was  too 
large  for  the  amount  of  coal  to  be  burned, 
and  consequently  admitted  too  much  air  to 
the  fire.  Here,  then,  was  the  cause  of  the 
large  eliimiiey  loss,  with  plain  indications  of 
what  the  cure  should  be.  This  cure  was  put 
into  effect  by  reducing  the  grate  surface 
more  than  50  per  cent  and  improving  the  fir- 
ing, with  tlie  result  that  the  air  supply  was 
reduced  to  less  than  one-half  and  the  weight 
of  the  dry  chimney  gases  was  reduced  from 
43.8  pounds  per  pound  of  combustible  to  21.5 
pounds.  The  new  chimney  loss  would  then 
become  21.5  -^-  43.8  of  24  per  cent  or  11.7  per 
cent,  representing  a  gain  of  12.3  per  cent  to 
be  added  to  tlie  old  efficiency  of  52.8,  making 
the  new  efficiency  65.1  per  cent.  The  saving 
in  ooal  would  then  be  (65.1  —  52.8)-7-65.1  = 
nlnrnt  19  per  cent.  As  a  matter  of  fact,  the 
^ff^vt  was  greater  than  this  prediction  which 
vM\  the  **safe  side''  and  the  true  saving 


THE  BOILER  PLANT  69 

• 

was  over  25  per  cent  of  the  coal  originally 
consumed  for  the  same  output  of  steam. 

This  case  of  too  great  an  air  supply  is  a 
very  common  one.  Most  people  think  that 
good  combustion  is  simply  a  matter  of  am- 
ple air  supply.  As  a  matter  of  fact,  more 
waste  of  coal  is  likely  to  occur  from  an  over 
supply  than  from  too  little  air. 

In  this  particular  case  I  have  quoted  more 
smoke  was  produced  after  the  combustion 
was  improved  than  before.  This  demon- 
strates what  is  so  poorly  understood,  that 
smoke  may  indicate  less  waste  than  no  smoke. 
A  smokeless  chimney  may  be  produced  by 
flooding  the  fire  with  air,  but  this  entails  a 
heavy  increase  in  the  chimney  loss  with  a 
consequent  waste  of  coal.  This  does  not  mean 
that  it  pays  to  make  smoke,  although  for  a 
given  furnace  and  set  of  conditions  it  may 
be  so.  In  other  words,  there  are  cases  when 
the  losses  due  to  incomplete  combustion  as 
indicated  by  smoke  may  be  less  than  the 
losses  due  to  the  admission  of  sufficient  air 
to  **kilP^  the  smoke.  This  is  the  weak  point 
of  many  so-called  *  *  smoke-consumers ' '.  The 
science  of  the  matter  lies  in  the  production 
of  perfect  combustion,  which  is  necessarily 
smokeless  and  which  at  the  same  time  in- 
volves a  correct  proportioning  (neither  an 
excess  nor  a  deficiency)  of  air  to  the  fuel. 


'-' :  -    ;.  :  •.:.:.:.      :    -_::■'..   Ov'!i:.':'U>tioii   io  not 
r'j-~-rT."   :•  'i:?:!'.-:  :  y  tLe  simpl»>  raattcr  ot^ 
i.r  i'lni^^i  L.  '11  :■>  a-  STt-at  an  extent  hv 
■J-:   .uTrL^,:  :  :    ":- si^r:  of  the  furnace  itself. 
7':->  i":"  L"--  * !.  -  ::::iiiit»-!;anee  of  hicrh  tern- 
--'•iT-i--  J-  :  :..    :"-•  r-'ULTh  mixinG:  of  the  air 
\-^_:  :>  :v "  '  ;>::■::.  :^t:>»'S  ami  with  the  car-  ^ 
?•  Li.  .i'l  .•••.  s: :::::- s  a  seior.ee  in  itself. 

T!'  ':-j^t:"_-  --i  ::.  our  heat  balance  (item 
V  .  "^  -?  OvLis".  ..ir/.y  1  y  rhe  incomplete  com- 
Vms:-'  -  :'  :.  oarV- r.  of  the  coal.  When 
::i:--^  '    ' ':-•  s  :v  ::''--: -ly  it  forms  COo,  which 

>  .:i-- »  ■  x-.ijL  *.  ^:i>  or  carbon-dioxide,  and 
*:>.    :•  .i:  ^-  ■  .-:.:  •'.  Vy  tills  union  with  oxygen 

>  '*.^*    y^.:.v-.  :.r  r.aoL:  iMnnid  of  carbon  so 
".Hir-.v*!.     ^A  '    V.  .'ur"'^!:  burns  incompletely  it 

or'tis  •.^V\   /r  .'ar-.w.  !:ioi;oxide,  which  upon 
fc,..:-  !•:        •'  •••     \yj:v!i  l-urns  to  COo.    But 

>i::v«i      >    Vi: -:  '•'■'  carbon  to  CO  develops 

jiv/^    c.o\     '.•  ■:   '■  "   'ao.:  pound  of  carbon  so 
S^i",.,.;    .     \.^^     --:     U,f>00  — 4,450)  =10,- 

Nov*  '•''»''^  ■  a**a-y>os  of  the  chimney 
,5j^ti^  Hiaoo  Jt:-  -:;  o  ir  boiler  test,  we  can 
■wtt4HfcCv  'k*>^  ''  ■'^  '•  ^ ^  "^^  carbon  of  our  com- 
i^t^i  'w>  '>vv-    -w-.plorrly  burned  to  CO 

^^k^  UV«i^  ctiviso.  I-  ■  ■•>  -pocial  case  with 
A,jluar-"^'^'^^  01*  .rr  -Mvsont  the  loss  from 
^'^JJJ^  %H^s  •♦   ■     ^*'^  ^^^»^i^'  toiler  tests, 
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however,  a  large  loss  is  indicated.    It  may 
be  due  to  insulBcient  air  supply,  and  if  this 
is  the  case  it  will  be  so  indicated  by  the  very 
small  excess  of  free  oxygen  as  shown  by  the 
fine-gas  analyses.  If  sufficient  oxygen  is  pres- 
ent, then  the  loss  is  chargeable  either  to  lack 
of  thorough  mixing  of  the  air  w^ith  the  fuel 
and  combustion  gases,  or  to  low  temperature 
m  the  fire.    These  eflFects  are  traceable  di- 
rectly to  furnace  design  and  the  method  of 
firing,  and  w^hen  thus  investigated  can  be 
corrected  to  the  direct  improvement  of  our 
efficiency  as  would  be  indicated  by  this  item 
in  the  heat  balance. 

The  next  loss  to  be  considered  forms  a 
part  of  item  No.  6  and  is  that  due  to  the  di- 
rect removal  of  combustible  matter.    This  is 
caused    first    by    unburned    fuel    dropping 
through  the  grate  into  the  ashpit.    The  loss 
thus  occasioned  is  determined  by  analyzing 
the  ash  for  its  carbon  content.     Its  weight 
multiplied  by  its  heat  value  equals  the  loss. 
Another  item  of  this  waste  occurs  when  in- 
candescent clinker  is  removed  from  the  grate 
during  cleaning  operations.     In  addition  to 
the  unconsumed  carbon  in  this  hot  substance, 
a  certain  amount  of  heat  is  contained  in  the 
heated   mass,   which   can   be   computed   by 
means  of  its  temperature,  weight  and  spe- 
cific heat. 
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In  further  sub-division  of  our  last  item 
there  is  the  loss  due  to  heating  the  moisture 
in  the  air.  This  is  so  small  that  in  commer- 
cial work  it  may  be  neglected.  The  waste  due 
to  unburned  hydrogen  and  hydrocarbons 
from  the  coal  may  be  a  large  percentage,  de- 
pending principally  upon  the  volatile  constit- 
uent of  the  fuel  and  how  it  is  handled.  This 
loss  together  with  that  due  to  radiation  is 
generally  found  by  deducting  all  the  other 
items  from  100  per  cent,  this  being  the  sim- 
plest and  most  direct  solution. 

As  hard,  or  anthracite,  coals  contain  very 
small  percentages  of  volatile  matter,  the  loss 
due  to  escaping  hydrocarbons  is  naturally 
small.  But  certain  soft  coals  contain  as  much 
as  40  per  cent  of  volatile  material  consisting 
largely  of  marsh  gas  (CH4)  which  has  a  high 
heat  value.  When  a  shovelful  of  such  soft 
coal  is  thrown  into  a  hot  furnace  the  greater 
part  of  this  percentage  of  volatile  matter  at 
once  becomes  freed  from  the  coal,  and  the 
generation  of  this  valuable  fuel  gas  is  so 
rapid  that  unless  the  furnace  conditions  are 
right  for  its  combustion  most  of  it  passes 
out  of  the  boiler  and  up  the  chimney  as  a 
dead  loss.  This  action  is  generally  accom- 
fttied  by  smoke,  which  consists  of  uncon- 
particles  of  visible  carbon  and  tarry 
escaping  witli  the  invisible  but  valu- 
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able  fuel  gases.     The  smoke  itself  is  an  in- 
significant   loss    compared    with    the   gases 
which  frequently  accompany  it.    The  study  of 
this  loss  teaches  us  to  fire  our  coal  a  little 
at  a  time,  so  that  there  will  be  sufficient  heat 
and  temperature  in  the  surrounding  parts 
of  the   furnace   to   cause   its   ignition    and 
enough  air  to  permit  its  complete  combus- 
tion.   This  results  directly  in  reducing  the 
smoke  and  the  hydrocarbon  loss  at  the  same 
time,  which  brings  us  again  to  the  matter  of 
fnmace  design  and  operation.    Waste  of  fuel 
may  be  caused  by  unintelligent  handling  of 
fires  in  a  very  good  furnace,  while  good  firing 
will  not  give  best  results  in  a  bad  furnace. 
Thus  with  the  much  contracted  combustion 
space  found  in  many  settings  it  will  bo  very 
difficult  for  the  best  fireman  to  get  hi^h  ef- 
ficiency, especially  under  forced  conditions, 
while  a  scientifically  designed  furnace  is  no 
guarantee  of  good  combustion  unless  intel- 
ligently handled. 

While  we  shall  not  be  allowed  to  under- 
take a  discussion  of  the  absorbing  subject 
of  furnace  design,  it  will  at  this  time  be  apro- 
pos to  state  a  condition  which  vitally  aflFects 
the  loss  due  to  unburned  hydrocarbons  from 
soft  coals,  for  it  is  desired  to  learn  in  some 
measure  w^hat  are  some  of  the  common  meth- 
ods of  reducing  the  losses  which  have  been 
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located  and  measured  in  onr  heat  balance. 
Aside  from  the  loss  due  to  excessive  air 
supply  as  evidenced  in  the  '* chimney  loss'* 
item,  the  greatest  waste  in  the  burning  of 
soft  coal  appears  in  the  escape  of  a  large 
percentage  of  its  volatile  constituent  imme- 
diately following  the  introduction  of  the  coal 
to  the  furnace  or  the  slicing  of  the  fire. 
Either  operation  liberates  large  volumes  of 
the  hydrocarbon  gases,  which  ordinarily  flow 
out  of  the  furnace  with  great  rapidity  under 
the  influence  of  the  draft.  The  time  element 
is  of  the  utmost  importance,  for  if  these  gases 
could  be  held  in  the  furnace  a  suflScient  length 
of  time  for  thorough  heating  and  diffusion 
with  the  oxygen,  the  greater  portion  of  them 
would  undergo  combustion  with  a  consequent 
development  of  the  heat  otherwise  wasted. 
One  of  the  very  simple  and  effective  means 
employed  to  accomplish  this  result  is  to  pro- 
vide large  draft  areas  over  the  fire  and  in 
the  combustion  chamber.  With  a  given  flow 
of  gases  and  air  their  velocity  will  be  in- 
versely proportional  to  the  cross-section  of 
the  passage.  Thus  these  volatile  constituents 
can  be  retained  in  hot  combustion  spaces  for 
double  the  time  they  formerly  spent.  Lower- 
ing the  grate  to  bring  the  fire  farther  away 
from  the  boiler  and  deepening  the  combus- 
tion chamber  often  produces  the  desired  re- 
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suit,  which  may  be  further  benefited  by  the 
intelligent  design  of  proper  brick  arches  or 
baffle  walls  to  aid  the  mixing  action  before 
referred  to. 

A  great  deal  of  misunderstanding  exists 
in  regard  to  the  effect  of  placing  the  grate 
further  away  from  the  boiler.    It  is  common 
belief  that  the  nearer  the  fire  is  to  the  boiler 
the  greater  will  be  the  resulting  efficiency. 
But  the  very  opposite  is  true  within  reason- 
able limits,   especially  with   soft   coal,   and 
even  with  anthracite  it  is  advantageous  to 
have  the  grate  much  lower  than  is  found  in 
general  use.     The  trouble  is  that  people  do 
not  distinguish  between  the  diametrically  op- 
posed functions  of  the  boiler  and  furnace. 
The  duty  of  the  furnace  is  to  produce  com- 
plete combustion  of  the  fuel,  and  for  this 
purpose  it  must  develop  a  maximum  of  heat 
at  a  maximum  temperature.     The  boiler  on 
the  other  hand  is  essentially  a  heat  absorber, 
and  to  be  efficient  must  reduce  the  tempera- 
ture and  the  heat  developed  by  the  furnace 
to  a  minimum.     Consequently  the  boiler  if 
placed  directly  in  the  flames  of  the  furnace 
reduces  the  temperature  and  retards  the  com- 
bustion by  cooling  the  gases  below  their  igni- 
tion point,  which  allows  them  to  escape  un- 
bumed.     It  follows  that  the  two  functions 
of  furnace  and  boiler  must  be  sufficiently 
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separated  to  allow  complete  combustion  and 
full  development  of  the  heat  from  the  fuel 
before  the  severe  cooling  effect  of  the  boiler 
takes  place. 

At  this  point  we  logically  come  to  the  next 
item  of  heat  losses :  i.  e.,  radiation.  In  a  brick- 
set  externally  fired  boiler  this  loss  may 
amount  to  from  3  to  5  per  cent  of  the  heat 
of  the  combustible  and  in  certain  unusual 
cases  considerably  more.  It  may  be  reduced 
by  covering  the  boiler  setting  with  an  ample 
thickness  of  asbestos  or  other  heat  insulating 
material. 

It  may  be  further  reduced  by  employing 
boilers  of  the  internally  fired  variety,  that 
is  boilers  whose  furnaces  are  surrounded  by 
water-heating  surfaces,  like  the  Scotch  ma- 
rine, the  locomotive  and  Manning  upright 
types.  The  loss  due  to  radiation  is  of  course 
much  reduced  in  these  boilers.  But  some- 
times the  lack  of  hot  brickwork  and  insuffi- 
cient combustion  space  results  in  such  incom- 
plete combustion,  especially  under  forced 
conditions  with  soft  coal,  that  the  slight  in- 
crease of  efficiency  by  reduced  radiation  is 
more  than  offset  by  the  loss  occasioned  by 
unburned  fuel  gases  forced  into  contact  with 
the  cold  boiler  surfaces  before  their  ignition 
and  combustion  can  take  place.  In  one  test 
of  this  kind  upon  an  internally  fired  boiler 
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I  found  at  times  enough  unbumed  gas  in  the 
chimney  to  run  a  gas  engine.  It  does  not 
pay  to  go  very  far  to  reduce  radiation  by 
internal  firing,  especially  when  soft  coal  is 
burned.  The  advantages  of  the  internally 
fired  boilers  are  principally  governed  by  local 
conditions  such  as  limited  floor  space  and 
absence  of  brickwork  which  will  reduce  up- 
keep expense. 

The  item  of  radiation  may  be  roughly  com- 
puted in  the  case  of  internally  fired  boilers 
by  means  of  the  area  exposed,  or  covered 
with  a  material  whose  heat  flow  is  known,  to- 
gether with  the  temperature  of  the  steam 
and  surrounding  air.  For  brick-set  boilers 
it  may  be  obtained  by  subtraction  of  the 
other  losses,  but  in  most  instances  is  of 
insufficient  moment  to  demand  the  expendi- 
ture of  great  effort  in  its  accurate  determina- 
tion. 

We  have  now  reviewed,  one  at  a  time,  all 
the  essential  losses  which  constitute  the  en- 
tire waste  connected  with  the  operation  of 
a  steam  boiler,  and  we  have  also  had  a  prac- 
tical example  of  the  application  of  such  an 
analysis  to  a  factory  boiler  plant.  In  that 
particular  instance  an  immediate  saving  of 
25  per  cent  of  the  coal  was  the  direct  result. 
And  when  financial  factors  were  combined 
with  the  thermal  a  means  was  discovered  for 
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again  reducing  the  fuel  cost  about  50  per  cent 
more. 

Thus  we  have  an  idea  of  the  theory  and 
practice  of  scientific  investigation  as  applied 
to  the  boiler  plant. 


Chapter  IV 
THE  BOILER  PLANT  (Continued) 

A  GREAT  many  questions  arise  in  every 
plant  regarding  the  economy  of  this 
or  that  contemplated  change  in  operation  or 
equipment.  If  such  considerations  were 
properly  regarded  at  the  beginning,  before 
the  plant  was  designed,  there  would  not  be 
the  present  large  number  of  factory  boiler 
plants  that  are  operating  with  a  large  pre- 
ventable waste. 

In  one  plant  for  instance  I  found  excellent 
boilers  and  a  good  type  of  stoker  furnace,  but 
poor  eflBciency.  Here  the  trouble  was  due  to 
lack  of  investigation  beforehand.  The  boil- 
ers were  not  balanced  to  the  load  conditions 
and  the  furnaces  were  too  big  for  the  boilers. 
A  boiler  could  not  be  taken  off  for  cleaning 
without  running  the  other  much  beyond 
its  economic  rating,  which  caused  a  great 
chimney  loss.  If  both  boilers  were  operated, 
the  furnaces  were  so  large  for  this  appor- 
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tionment  of  load  that  they  had  three  times 
as  mnch  grate  surface  as  should  have  been 
provided  for  this  condition,  and  this  resulted 
also  in  a  heavy  loss  of  fuel.  This  was  a  difll- 
cult  case  to  improve,  since  the  great  mistake 
had  been  made  of  buying  equipment  out  of 
proportion  to  the  work  to  be  done.  One  of 
the  first  considerations  in  the  design  of  a 
plant  is  the  question  of  the  number  and  size 
of  the  boilers  to  be  specified.  In  deciding  this 
matter  three  special  requirements  must  be 
met. 

1. — Extra  boiler  for  cleaning. 

2. — Efficiency  at  different  factory  loads. 

3. — Growth  of  plant. 

The  efficiency  of  a  boiler  at  different  rates 
of  driving  is  of  primary  importance  in  the 
above  dotorminations,  and  before  discussing 
them  further  it  will  be  of  advantage  to  xm- 
derstand  what  is  meant  by  the  ** rating**  of 
a  boiler,  and  what  factors  influence  its  horse 
power  or  capacity.  The  mistake  is  frequent- 
ly made  of  basing  the  purchase  of  a  boiler 
on  a  simple  horse-power  rating.  That  this 
practice  is  most  unsafe  and  results  in  much 
trouble  will  be  quickly  realized  when  I  state 
that  boiler  manufacturers  differently  define 
a  rated  horse  power  as  related  to  heating  sur- 
fac(».  There  is,  however,  an  accepted  stand- 
anl,  that  of  the  American  Society  of  Mechan- 
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ical  Engineers,  which  states  that  a  boiler 
horse  power  shall  be  considered  the  evapo- 
ration of  34.5  pounds  of  water  per  hour  into 
steam  from  and  at  212  degrees.     This  is 
equivalent  to  the  evaporation  of  30  pounds 
of  water  from  a  feed-water  temperature  of 
100  degrees  into  steam  at  70-pounds  pres- 
sure, and  is  roughly  the  amount  of  steam 
required  to  produce  a  horse-power  hour  with 
a  sunple  Corliss  engine  at  this  pressure  and 
non-condensing.    Tliirty  pounds  of  water  per 
hour  is  therefore  a  boiler  horse  power. 

Now  the  voluminous  data  on  boiler  testing 
in  the  past  have  indicated  that  an  ordinary 
boiler  operates  at  its  best  eflBciency  when  2Vi> 
to  3  pounds  of  water  per  hour  are  evaporated 
for  each  square  foot  of  its  heating  surfaced 
At  these  rates  the  development  of  a  horse 
power  would  require 

30         30 
5—  or    -7T-=  12  or  10  square  feet 

of  heating  surface  respectively.  Conse- 
quently a  100-horsepower  boiler  should  con- 
tain 1,200  or  at  least  1,000  square  feet  of  heat- 
ing surface.  But  30  pounds  of  water  per 
hour  can  be  evaporated  with  as  little  as  5 
square  feet,  whereas  it  was  comparatively 
recent  practice  to  allow  15.    Here,  then,  is  a 

*  Heating  surface — ^That  portion  of  the  metal  in  a  boiler  which  haa 
water  on  one  surface  and  fire  or  hot  gasea  on  the  other. 


82  PREVENTIKO  FOWEU-PL^VNT   LOSSES 

range  of  300  per  cent  in  the  factor  determin- 
ing how  much  heating  surface  makes  a  boiler 
horse  power. 

Consoquontly  a  boiler  containing  1,000 
square  feet  may  be  rate<l  at  100  horse  power 
at  10  square  feet,  or  200  horse  power  at  5 
square  feet,  or  only  6G  horse  power  at  15 
square  feet  of  heating  surface  per  horse 
power;  so  if  these  factors  are  not  stated  a 
rat(Ml  boiler  horse  power  means  nothing. 

I  hail  a  case  where  the  plant  owners  had 
belii^ved  that  horse  i)Ower  was  horse  power, 
and  tliat  was  all  there  was  to  it.  They  pur- 
chased two  lH)ilers  guaranteed  to  give  an 
overload  of  50  ])er  cent.  As  there  was  no 
speeification  r(\i!:ardinir  the  amount  of  heat- 
ing surface,  tlie  manufacturer  supplied  only 
7^^  square  lV(»t  jier  horse  power  instead  of 
10  or  12  squar(»  feet,  which  should  have  been 
called  for  in  pro])er  sp(»cifications.  Now 
wluMi  the  boilers  wer(»  installed  and  operated 
under  the  guaranteed  overload  of  50  per 
c<»nt,  a  horse  power  had  to  be  developed  w^ith 
f)  s(iuan»  feet  of  heating  surface.  The  result 
was  that  the  ])()ilers  were  acluallv  run  at  100 
per  cent  over  their  normal  rating,  and  their 
thermal  cllieiency  was  so  low  and  the  coal  bill 
so  high  that  it  was  neeessary  to  call  in  expert 
i^dvieo.  all  of  which  might  have  been  avoided 
it  lUo  plant   owners  had   in  the  first  place 
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taken  steps  to  learn  what  a  boiler  horse 
power  meant  before  attempting  to  use  the 
term  in  the  equipment  of  their  plant. 

The  amount  of  heating  surface  that  can 
economically  develop  a  boiler  horse  power 
is  at  the  present  time  a  subject  of  close  study 
and  experiment  and  depends  upon  a  knowl- 
edge of  the  laws  of  heat  transference.    With 
present-day  equipment  it  is  wise  to  provide 
at  least   10  square  feet  of  heating  surface, 
although  we  may   look   for   a   considerable 
reduction  of  this  figure  in  future  practice. 
In  any  event,  the  capacity  of  a  boiler  will 
always  be  proportional  to  its  heating  surface 
and  a  purchaser  who  does  not  demand  a  full 
allowance  is  cutting  himself  off  from  a  part 
of  the  capacity  and  efficiency  to  which  he  is 
entitled. 

In  a  boiler  test  it  is  always  important  to 
determine  at  what  per  cent  of  their  true 
rating  the  boilers  are  being  driven,  as  this 
seriously  affects  their  economy.  Their  true 
rated  capacity  is  first  obtained  from  a  meas- 
nrement  of  their  heating  surface  in  square 
feet,  which  divided  by  10  results  in  rated 
horse  power.  Then  if  a  boiler  plant  is  found 
to  be  operating  at  considerably  less  than  its 
rated  capacity,  and  if  the  furnaces  are  cor- 
rectly proportioned  to  the  boilers,  it  is  alto- 
gether likely  that  a  large  ** chimney  loss" 
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will  be  found.  For  this  condition  would  in- 
dicate that  the  grate  surface  is  too  large  for 
the  rate  of  coal  consumption,  and  consequent- 
ly a  surplus  of  air  supply  to  the  fires  may 
be  expectiMl.  This  is  shnply  stated  by  assum- 
ing that  under  a  given  set  of  conditions  a 
square  foot  of  grate  will  supply  enough  air 
for  the  jiroper  combustion  of  20  pounds  of 
coal  i)er  hour.  Then  if  only  10  pounds  are 
buruiMl,  the  grate  may  supply  double  the 
amount  of  air  re(]uii*ed  for  combustion,  with 
the  attoiidant  waste  described  under  '*cliim- 
nev  loss". 

Having  now  tmirhiul  upon  the  meaning  of 
capacity,  we  can  ictVr  witli  better  under- 
standing to  the  mattiM"  of  fixing  correctly  the 
nunil)er  antl  size  (»f  l)oih'rs  adapted  to  best 
elhciencv  under  aiiv  i^iven  s(»t  of  local  condi- 
tions.  Pcrlinps  the  ch'ai'ost  way  to  indicate 
the  nu»th()d  of  determination  of  this  matter 
will  1)(*  to  ([uote  fi'om  one  of  my  reports  the 
portion  bearinir  <lireetly  on  this  (piestion,  con- 
nect(»d  with  the  [jartieulnr  ie(|uirements  which 
are  statccl  or  implied.  Whih'  this  i)lant  was  a 
small  one  the  treatment  iUustrated  governs 
all  cases. 

l>e  first  (*onsi<leration  in  the  design  of  any  plant 
s^-iw  U>ail  to  i«*  caiTied.  In  the  sunnncr  time  as 
^«cri^  uuule  on  ln»ilers  this  aveniji;e  smnmer  load 
-TV^ruond  to  Ih'  li>-  hoiliM-  horse  power.     Allowance 
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should  be  made  for  an  increase  in  the  use  of  steam  in 
the  winter  time  owing  to  an  additional  load  of  about 
300  amperes  as  compared  to  800  in  the  summer  time. 
TUs  makes  an  increase  of  37.5  per  cent,  so  that  the 
maximum  average  load  for  winter  at  present  may  be 
calculated  at  223  boiler  horse  power. 

Consequently  the  boiler  plant  should  be  able  to 
handle  162  horse  power  to  2!23  horse  power  econom- 
ically, and  also  allow  for  cleaning  a  boiler  when  neces- 
sary, and  in  addition  to  these  requirements  must  be 
90  designed  as  to  provide  for  an  increase  in  power  re- 
quirements with  a  growth  of  the  business. 

Now  if  one  extra  boiler  l3e  provided  for  cleaning 
purposes,  you  can  have  either  two  boilers  or  three 
boilers. 

If  two  boilers  are  selected,  then  one  boiler  alone 
mast  carry  at  good  efficiency  a  load  ranging  from 
1^  to  223  horse  power,  and  allowing  50  per  cent  for 
growth  of  plant  it  should  also  be  able  to  handle  335 
horse  power.  This  is  too  high  a  load  for  a  high- 
pressure  horizontal  tubular  boiler  unless  it  is  of 
special  design. 

If  three  boilers  are  specified,  then  two  of  these 
boilers  must  carry  162  to  335  horse  power.  If  they 
are  each  150  horse  power  normal  rating  then  one 
boiler  will  handle  the  162  horse-power  load  very  effi- 
ciently, and  two  boilers  will  handle  the  335  horse- 
power load  with  equal  efficiency,  which  includes  the 
allowance  for  50  per  cent  growth  over  present  maxi- 
mum-load requirements. 

The  intermediate  maximum  winter  load  of  223 
horse  power  could  be  handled  by  one  boiler  at  148 
per  cent  of  its  normal  rating,  or  by  two  boilers  at 
74  per  cent  of  their  combined  rating. 

Three  boilers  therefore  make  the  best  number 
for  economical  running  under  these  various  load  re- 
quirements, and  would  take  care  of  the  following 
specifications: 

1— Extra  boiler  for  cleaning 
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2 — Economy  at  different  loads 

3 — Growth  of  plant. 

Now  if  the  power  requirements  should  increase 
from  the  present  maximum  winter  load  of  223  horse 
power  to  446  horse  power,  this  proposed  plant  of 
three  150  horse-power  boilers  would  handle  the  load 
(which  includes  a  100  per  cent  increase  of  power) 
very  eflBciently  with  all  three  boilers  running.  If 
one  boiler  were  taken  off  for  cleaning  it  would  mean 
taking  446  horse  power  out  of  two  150  horse-power 
boilers,  or  running  two  boilers  for  a  day  at  148  per 
cent  of  their  capacity.  This  could  be  done  very 
easily  with  fairly  good  efficiency. 

Therefore  three  150  horse-power  boilers  would 
really  provide  for  100  per  cent  increase  over  the 
present  maximum  power  requirements,  and  would 
make  a  plant  adapted  to  handle  all  loads  betweea 
the  present  light  summer  load  and  a  possible  future 
load  of  twice  the  present  maximum  requirements, 
and  all  loads  in  between,  at  high  efficiency. 

Each  boiler  should  have  1,800  square  feet  of  heat- 
ing surface,  that  is  12  square  feet  per  horse  power. 

Very  efficient  operation  is  possible  at  re- 
duced capacities.  I  have  obtained  over  71 
per  cent  efficiency  on  a  200  horse-power 
boiler  (rated  at  12  square  feet  per  horse 
power)  when  it  was  developing  slightly  over 
100  horse  power.  In  this  case  the  grate  was 
very  small,  which  permitted  a  normal  rate 
of  combustion  without  an  excessive  air  sup- 
ply, and  the  high  efficiency  was  also  attrib- 
utable to  a  specially  controlled  furnace  and 
draft. 

If  a  boiler  is  forced  beyond  its  best  normal 
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rating  it  is  not  able  efficiently  to  absorb  the 
large  amount  of  heat  developed  by  the  com- 
bustion of  the  fuel.    Consequently  this  sur- 
plus heat  passes  the  boiler  and  appears  as 
additional  chimney  lo^s. 

With  an  allowance  of  12  square  feet  of 
heating  surface  per  horse  power,  a  boiler 
with  a  well  designed  furnace  may  be  driven 
with  good  efficiency  at  50  per  cent  above  its 
normal  rating.  This  corresponds  to  8  s(iiiare 
feet  of  heating  surface  per  boiler  horse 
power  developed.  In  some  cases  it  may  pay 
to  increase  this  amount  of  forcing  to  double 
the  rated  horse  power.  This  is  done  for  in- 
stance to  meet  peak  loads  in  the  59tli  street 
hterborough  Station,  New  York  City,  where 
cost  of  space  and  investment  for  additional 
boilers  would  be  more  expensive  than  the 
loss  of  efficiencv  occasioned!  durinc:  the  few 
hours  per  day  that  this  measure  is  necessary. 
This  would  seldom  if  ever  be  advisabhs  liow- 
ever,  in  a  factory  power  plant.  For  the  usual 
factory  imposes  a  comparatively  steady  l()a<l 
ODthe  boilers,  so  that  tlioir  number  and  size 
may  be  specified  to  give  efficient  operation, 
providing  the  load  reriuirements  are  studied 
in  advance. 

A  question  often  involved  in  factory  pow<M" 
investigations  relates  to  the  comparative*  furl 
economy  of  fire-tube  versus  water-tube  boil- 
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ers.  I  have  found  that  there  is  a  general 
feeling  that  water-tube  boilers  are  inherently 
more  eflScient  than  the  fire-tube  type.  But 
this  is  not  true.  The  brick  setting  of  the 
water-tube  boiler  presents  the  greater  ra- 
diating surface  and  consequently  it  is  at  a 
slight  disadvantage  in  this  respect.  Other- 
wise there  is  no  intrinsic  reason  why  better 
economy  of  fuel  should  be  exi)ected  wdth  one 
kind  than  the  other,  providing  of  course  the 
furnace  is  equally  w^ell  designed  in  either 
case. 

The  real  factors  governing  the  selection 
of  type  are — steam  pressure,  load  curve,  fa- 
cility of  cleaning,  first  cost,  and  sometimes 
floor  space  in  the  case  of  large  units. 

With  a  comparatively  steady  load  such  as 
obtains  in  most  industrial  plants,  and  with 
an  engine  plant  which  does  not  demand  a 
sloam  pressure  above  140  pounds,  the  hori- 
zontal tubular  boiler  would  show  a  marked 
advantage  over  the  water-tube  class  provid- 
ing tlic  i)lant  were  not  of  such  large  capacity 
as  lo  rcHjuire  too  great  a  number  of  the  fire- 
hilx'  l)()ih'rs.  This  advantage  would  be  ap- 
parent in  grc^ater  facility  of  cleaning,  lower 
llrsl  cost,  and  settinucs  generally  better  adapt- 
ed lo  the  conibustion  of  soft  coal.  If  the  load 
\\\  W  earried  is  subject  to  severe  fluctuations 
Hud  suddt'n  lienvy  (hMiiands  for  steam,  the 
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water-tube  boiler  must  be  specified  since  it 
contains  less  water  and  consequently  is  more 
quickly  responsive  to  forcing  of  the  fires  for 
sudden  and  rapid  steaming.    That  is  why  this 
type  is  almost  invariably  chosen  for  public- 
service  plants  where  the  load  with  its  tre- 
mendous *  *  peaks ' '  demands  an  immediate  re- 
sponse from  the  boilers.    Then  again  in  this 
service,  where  production  of  cheap  power 
is  the  sole  object  without  the  opportunity 
to  cheapen  it  still  further  by  the  utilization 
of  exhaust  steam,  only  high-pressure  engines 
and  turbines  are  employed.     This  require- 
ment necessitates  the  specification  of  water- 
tube  boilers  since  the  other  type  as  a  matter 
of  design  and  strength  is  not  adapted  to  high 
pressures.     Then,  as  before  implied,  where 
large  units  are  advisable  the  water-tube  has 
the  advantage,  for  the  reason  that  the  safe 
pressure  of  a  tube  or  cylinder  is  inversely 
proportional    to    its    diameter.      Therefore 
when  the  size  of  a  fire-tube  boiler  has  reached 
a  definite  point,  it  becomes  impracticable  to 
develop  larger  units  without  disproportion- 
ate expense  unless  it  is  desired  to  meet  very 
special  conditions.    An  internally  fired  tubu- 
lar boiler  of  the  Scotch  type,  where  the  prod- 
ucts of  combustion  do  not  come  in  contact 
with  the  shell,  may  however  be  made  in  larger 
sizes  than  the  horizontal  fire-tube  type,  and 
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will  therefore  frequently  compete  with  water- 
tube  boilers  as  largely  evidenced  in  marine 
practice. 

The  cost  of  evaporation  is  an  incidental 
though  useful  determination  in  plant  investi- 
gations. This  is  conunonly  expressed  in 
**cost  of  fuel  for  evaporating  1,000  pounds 
of  steam  from  and  at  212  degrees''.  It  is 
obtained  directly  from  the  observations  of 
our  boiler  test,  and  is  most  useful  as  a  figure 
of  commercial  comparison  of  one  plant  with 
another.  Depending  upon  the  fuel  used  and 
the  location  and  eflBciency  of  the  plant,  this 
item  will  vary  between  10  cents  and  28  cents 
in  this  country.  Its  use  facilitates  the  deter- 
mination of  the  total  cost  of  power  and  heat- 
ing when  combined  with  the  other  essential 
factors  involved  in  that  result.  Given  a  fixed 
price  and  heat  value  of  coal,  the  cost  of 
evaporation  will  be  inversely  proportional  to 
the  combined  boiler  and  furnace  eflBciency, 
and  in  a  plant  where  the  above  values  are 
known  to  be  constant  this  term  can  profitably 
be  used  as  an  accurate  measure  of  gain  or 
loss  in  its  operation. 

A  consideration  of  the  condition  of  the 
feed  water,  both  as  to  its  temperature  and 
as  to  its  scale- forming  properties,  is  essential 
to  a  complete  investigation.  It  is  needless 
to  state  that  the  accumulation  of  scale  on 
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boiler  heating  surfaces  resists  the  transfer 
of  heat  and  therefore  acts  to  reduce  the  effi- 
ciency of  steam  production.  Also,  owing  to 
this  resistance  to  heat  flow,  the  boiler  metal 
between  it  and  the  fire,  being  unable  to  trans- 
fer its  heat  to  the  water,  will  retain  it  and 
consequently  become  so  hot  as  to  cause  bag- 
ging or  blistering  of  the  iron,  resulting  in  a 
serious  and  sometimes  dangerous  injury  to 
the  boiler.  The  consumption  of  additional 
fuel  due  to  scale  is  manifested  in  the  produc- 
tion of  an  abnormally  high  chimney  loss. 
Various  figures  are  available  which  claim  to 
show  what  percentage  of  the  coal  is  wasted 
because  of  different  thicknesses  of  scale,  but 
I  do  not  know  of  any  truly  reliable  data  of 
this  description.  It  is  also  likely  that  dif- 
ferent kinds  of  scale  have  different  heat-re- 
sisting properties,  which  consideration  is 
generally  disregarded.  Furthermore,  unless 
comparative  tests,  made  for  the  determina- 
tion of  such  information,  were  in  each  case 
conducted  with  combustion  of  exactly  the 
same  quality  and  with  a  consumption  of  the 
same  amount  of  coal,  the  resulting  efficiencies 
would  in  no  wise  indicate  the  effect  produced 
solely  by  the  scale.  It  would  also  be  difficult 
to  find  a  boiler  evenly  coated  -with  scale  of 
anywhere  near  uniform  thickness  through- 
out.   At  present,  therefore,  it  is   sufficient 
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Vr,i:--r  :-::.:.-.::>  v-..  kii.-l?  of  sealo-forming 
"li-.r  *:  • -r":  :-:..:-  rary  arA  permanent. 
T'->  :r::.^  r:\ry  '_.;;t  ':.->>  o»>n>i>t>  principally 
o:  :"..*:-  oiir"*-  :.:\:- s  •  :  '.[n\r  aiA  masrnesia  and 
oar.  '?  V  'ar^'-.v  ..::..::. a:*-:  V'V  raisinir  the  \va- 
ter  :-•■  :;  :*.!:.:•  r;;V::r-  «•!  al»out  100  desrrees 
i!.  ;;!.  "t- n  Y '.  :•'  ay..'\v  the  escape  of  ear- 
In  •:.ie-;-.oi-':  i::i-.  A::  "T'*!:  iviie  of  feed-water 
livattr-r  \vi:":.  :v!:.r']»-  «'»i-..^itin2:  and  filtering 
arrar.ir»^!r.vnT-  i>  "ft-n  tV>/  simplest  solution. 
Fi.»r  i.tutrii.iza:!'  '.  I'f  t'::»-  permanent  hard- 
ne>>,  iuii'ly:!.::  t:.*.-  I'rtser.ee  of  sulphates  in 
thv  Avatt-r,  it  1"^  usual  to  resort  to  chemical 
jiurifieatioii.  Sjivcial  ai»i»aratus  are  available 
which  an*  cai»aMf  of  coinliininir  the  two  oper- 
ations for  hntli  kinds  of  hardness.  Perma- 
nent hanlncss  may  al>o  l»o  reduced  by  dupli- 
catinir  a  part  of  th»*  aetit»n  of  the  boiler  itself, 
br  the  use  oi  a  closed  purifier  in  which  the 
fetnl  water  is  subj('ctf<l  to  a  lujrh  tempera- 
ture under  pn'ssure.  Tlirse  are  questions 
iTTolving  chemical  d<'t<'niiination  together 
villi  the  best  advice  ol)tninablo. 

"B^'ferring  now  to  tlu*  consideration  of  the 
I'Hkuraiure  of  the  iWd  watrr,  we  are  able 
^  .^jo^iiTe  exactly  what  ctToct  this  will  pro- 
xsLim consumption  of  fu(*l.    In  the  first 


/* 


THE  BOILER  PLANT  93 

place,  let  it  be  clearly  understood  that  the 
temperature  of  the  water  that  goes  to  the 
boilers  has  practically  no  effect  upon  their 
efficiency  in  spite  of  the  fact  that  we  shall 
save  money  by  previous  heating  of  this  water. 
Now  if  we  recall  our  definition  of  efficiency 
it  will  be  simple  to  understand  this  apparent 
paradox.    Efficiency  =  Output  -f-  Input.  The 
output  is  the  heat  in  the  steam  above  the 
feed  temperature.    Since  the  boilers  have  no 
part  in  raising  the  water  to  the  feed  tempera- 
ture, they  cannot  properly  be  credited  with 
that  part  of  the  work.     The  combined  effi- 
ciency  of  boiler  and  furnace  is  naturally 
that  fraction  of  the  heat  of  the  coal  which 
has  been  absorbed  by  the  boiler.    Therefore 
since  the  heat  already  in  the  feed  water  is 
not  supplied  by  the  coal,  except  as   a   re- 
claimed and  independently  variable  factor,  it 
must  play  no  part  in  our  efficiency  calcula- 
tions.    And  here  is  another  fact  that  may 
strike   us   oddly.     A   boiler  would   show   a 
slightly  better  theoretical  efficiency  on  cold 
feed  water.    Again  the  reason  is  simple,  be- 
cause the  greater  the  difference  in  tempera- 
ture between  the  fire  and  the  water  in  the 
boiler  the  more  rapid  will  be  the  rate  of  heat 
transference,  which  will  tend  slightly  to  raise 
the  efficiency  in  the  case  of  using  cold  feed 
water. 
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Proper  hoatiiiff  of  the  water  supply  to  the 
VioiKrs  roiiucrs  tlie  work  imposed  on  them 
ai.il  eoii<oqiu*i:tly  retUiees  the  amount  of  coal 
ooii>r.nKd  in  like  proportion,  the  combined 
t'ffioiriioy  of  boiler  and  furnace  remaining 
pnu'tioally  the  same  as  with  the  colder  water. 

This  :rain  of  over-all  efficiency  is  calculable 
by  eonii>arinir  the  heat  added  to  the  water 
with  the  lu'at  necessary  to  generate  steam 
at  the  i'xistinir  steam  pressure  and  the  tem- 
perature of  feed. 

For  instance,  if  exhaust  steam  is  utilized 
in  a  hratt'i*  to  raise  the  boiler  water  from  say 
(>()  dt'iriei's  to  -11^  (Irirrei^s  each  pound  of  wa- 
t<'r  n^eoivt's  ir)0  l>.t.n.  Now  if  boiler  pressure 
is  Vl\\  ])oun(Is  i)(*r  scpiare  inch,  the  heat  re- 
^juirod  to  make  a  innnid  of  this  steam  from 
the  old  teni]>orature  of  (10  deijfrees  was  3,164 
P>.t.n.  We  iiave  tlierefore  saved  or  reclaimed 
IT)!)-:- 1,1(>4  VJ.!)  ]>('r  cent  of  the  heat  for- 
nuM'ly  rcMjuii'iMl  for  tlie  making  of  our  steam, 
and  this  savinir  is  dii'eetlv  reflected  in  a  cor- 
rospondinu*ly  i»:r(^at  I'ednction  in  coal  con- 
suni]»tion.  Ai)i>i'oximatoly  one  per  cent  of 
th(»  conl  is  sav(Ml  foi*  (»very  11  degrees  we 
I'aisc  tlie  I'ccd  wat(M*,  providing  this  is  accom- 
plished witli  heat  otherwise  wasted.  The 
matter  of  exiianst-steam  heating  of  the  boiler 
feed  is  always  inehi(hMl  in  a  phuit  examina- 
tion, and   fi-ecjuentiy  a  substantial  improve- 
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ment  is  found  possible  in  this  direction,  ow- 
ing usually  to  bad  design  in  the  plant  itself. 
It  is  possible  and  also  advisable  when  con- 
ditions are  favorable  to  raise  the  feed  water 
to  a  much  higher  temperature  still  by  utiliz- 
ing or  reclaiming  some  of  the  chimney  loss 
from  the  boiler.     This  is  accomplished  by 
means    of   an   economizer,    consisting  of   a 
series  of  pipes  installed  in  the  path  of  the 
chimney  gases,  the  feed  water  being  pumped 
through  the  pipes  in  the  opposite  direction 
to  the  flow  of  the  gases  for  promoting  the 
most  elHBcient  transfer  of  the  heat.     This  of 
course  involves  an  expensive  apparatus  and 
its  net  value  must  be  determined  separately 
for  each  individual  case.    The  water  bv  this 
means  may  reach  a  temperature  of  250  to  300 
degrees  before  entering  the  boilers,  but  as 
the   efficiency  of  the  economizer  increases, 
the  temperature  of  the  chimney  gases  is  re- 
duced.    This  together  with  the  frictional  re- 
sistance imposed  upon  the  draft  reduces  the 
eflfectiveness  of  the  chimney,  and  frequently 
to  such  an  extent  as  to  require  the  installa- 
tion  of  mechanical-draft   apparatus,   which 
of  course  adds  to  the  expense  and  complica- 
tion of  the  plant.    All  of  these  factors  must 
be  carefully  included  in  our  calculation  for 
ultimate  commercial  efficiency  before  a  rec- 
ommendation of  real  value  can  be  formed. 
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Til  the  case  of  one  client,  for  instanco,  I  found 
that  coui|)arativt»ly  simple  chanj^es  for  the 
iiuprovenient  of  the  combustion  of  the  coal 
wouM  irive  as  irreat  a  savinjjf  as  would  have 
boon  possible  with  the  more  expensive  appa- 
ratus. Frequently  the  improvement  of  the 
furnaces  will  nnluce  the  chimnev  loss  to  such 
an  extent  that  an  economizer  woukl  have 
verv  little  heat  to  reclaim. 

There  are   other   instances  where   econo- 

nii.vrs  are  plainlv  indicate<l  bv  careful  in- 

\esti;ration.     Where  it  is  for  local  reasons 

advisable  to  drive  the  boilers  very  hard,  the 

iV\Munui/.or  may   n'sult   in   a  double  saving 

VMM  will  be  \\A\  worth  while  as  a  large  pay- 

l!:^:  investment.     Not  only  is  a  great  part  of 

:i».e  v'himney  loss  n^elaime*!  as  a  direct  saving 

ot'  t'uel,  but  at  the  same  time  the  duty  im- 

ivs\hI  upon  the  IhuIim's  is  radically  reduced, 

i::u>i  briniriiiiT  about  two  dechled  economies. 

The  etVieitMit  handlin.ir  of  coal  and  ash  is 

oiton  an  important  matter.    A  careful  study 

tN  »u;*do  to  determine  exactly  the  amount  of 

>ifcJS>r  ibat  K'oxM  be  saved  by  the  installation 

^  ^  i»t\*lH*r  conveying  system,  with  all  de- 

i^^^*  made  from  the  ai>i)arent  saving  to 

<^^C  itttor^'^^'  maintenance,  repairs,  and  la- 

'W  >>KUWVttHl  with  the  i^roji^ct.     The  first 

^^  ^jij^^^mqnirative  efficiencies  of  different 

^MtHkou  inlo  this  consideration.  In 
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ash  handling  there  are  two  principal  methods 
employed:  the  mechanical  conveyor  and  the 
air  conveyor.  In  the  latter  a  swift  current 
of  air  is  produced  in  a  tube,  either  by  means 
of  a  fan  or  by  the  employment  of  steam  jets 
acting  to  induce  the  required  velocity.  There 
are  many  cases  w^here  a  good  investment  can 
be  found  in  these  directions. 

It  has  been  intended  in  these  pages  to  set 
forth  the  methods  employed  for  the  determi- 
nation of  preventable  losses,  and  by  illustra- 
tion from  working  cases  to  indicate  to  some 
slight  extent  the  directness  and  eflfectiveness 
of  these  methods.  It  is  quite  aside  from  our 
present  purpose  to  enter  upon  a  discussion 
or  even  a  fair  description  of  the  material 
aids  in  the  production  of  the  increased  effi- 
ciency which  is  ever  the  goal  of  our  efforts. 
The  omission  of  a  detailed  treatment  of 
equipment  includes  a  very  particular  object. 
It  is  desirable  for  the  purpose  in  hand  to 
concentrate  our  attention  upon  those  under- 
lying principles  which  govern  the  economy 
of  every  boiler  plant  in  a  manner  entirely 
apart  from,  and  absolutely  independent  of, 
the  specific  nature  of  its  equipment  or  kind 
of  operation  to  which  this  apparatus  is  sub- 
jected. With  this  in  mind  we  have  now  seen 
how  each  loss  that  may  occur  in  a  boiler  plant 
can  be  traced  to  its  source  and  accurately 
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measureil.  We  Lave  seen  how  it  is  thus  pos- 
sible w  ith  such  a  compl(»te  diajpiosis  to  learn 
precisely  what  is  wrong  in  the  economy  of 
any  plant,  and  that  the  proper  means  for 
the  saving  of  the  preventable  losses  are  in- 
dicated with  equal  clearness  to  the  trained 
investigator. 

After  an  industrial  boiler  plant  has  been 
subjected  to  a  thorough  investigation,  and 
after  the  subsequent  changes  in  operation  or 
in  (Miuipment  have  been  made  for  the  elimi- 
nation of  waste,  it  then  becomes  necessary 
to  render  {Permanent  this  high  efficiency  and 
to  pn'vent  tlu*  jdant  from  falling  back  into 
old  wavs  and  bad  habits.     This  measure  is 

m 

iiarticuhirlv  nec(*ssarv  in   view  of  the  fact 

J  »  • 

thai  e(Ti(*iency  usually  depends  as  much  upon 
i]it<*Higeiit  managcnuMit  as  upon  the  excel- 
lence of  (Miuipiiieiit.  This  is  especially  tnie 
in  tlie  l)()il('i-  plant,  wlu^re  l)ad  management 
may  reverse  \\w  savings  of  good  apparatus 
into  ineflicieneies  and  contiiiual  waste. 

We  siiall  tluM-efoiv  consider  the  means 
nse«l  In  maintain  liigii  efficiency.  A  sbnple 
Mvsleni  is  instalK'd  wliich  results  in  accurate 
tinilv  records  of  tin*  amount  of  coal  burned, 
(he  weii'lit  nf  water  evai>orated,  the  tempera- 
t\U'e  ol*  feed  \vat<*r,  and  the  i)ressure  of  steam. 
*n\e  Insl  (wo  liunres  arc  best  obtained  by 
UUXU\H  of  antoFnatic   I'ecording  temperature 
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and  pressure  gages.  The  coal  and  water 
may  be  weighed,  preferably  by  automatic 
scales  and  recorders.  Many  diflferent  styles 
of  water  meters  are  on  the  market  and  a 
large  number  of  these  are  worse  than  useless. 
But  there  are  also  a  few  excellent  water 
meters  and  weighers  which  are  practicable 
and  reliable. 

A  report  blank  is  written  up  every  night 
by  the  chief  engineer,  a  copy  of  which  is  sent 
to  the  oflBce,  and  this  sheet  shows  the  boiler 
horse  power  developed  and  the  *' equivalent 
evaporation  per  pound  of  coal  as  fired",  to- 
gether with  the  number  of  boilers  under 
steam,  the  other  data  previously  mentioned, 
and  any  remarks  by  the  chief  engineer  which 
may  have  direct  bearing  upon  the  efficiency 
that  was  obtained.  By  this  record  any  fall- 
ing off  of  results  is  at  once  brought  to  the 
attention  of  the  management,  and  calls  for 
an  inunediate  inquiry  into  the  cause.  After 
the  equipment  has  once  been  made  right,  the 
cause  of  inefficiency  can  always  be  found 
either  in  the  coal  itself  or  in  the  handling 
of  the  boilers  and  furnaces.  If  an  examina- 
tion of  the  coal  does  not  show  a  falling  off 
in  heat  units  or  an  increase  in  moisture  of 
sufficient  extent  to  account  for  the  decreased 
evaporation  on  the  report,  then  it  is  certain 
that  the  boiler-room  staff  is  responsible  for 
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the  waste  that  has  been  exposed.  Such  de- 
fective operation  is  usually  attributable  to 
careless  or  ignorant  firing,  but  may  be  partly 
chargeable  to  dirty  boilers,  leaky  settings 
that  have  not  been  kept  in  repair,  improper 
draft  regulation,  etc. 

Such  a  system  can  be  further  elaborated 
to  such  degree  as  local  conditions  and  size 
of  plant  may  warrant.  Under  appropriate 
circumstances  an  automatic  combustion  re- 
corder will  prove  a  valuable  adjunct  to  the 
daily  record  sheet.  This  device  produces  a 
continuous  record  of  the  CO2  in  the  flue  gases 
and  therefore  acts  as  an  excellent  check  upon 
the  handling  of  the  fires  for  correct  supply 
of  air. 

With  a  daily  system  in  its  simplest  form 
it  wall  always  be  known  whether  the  right 
number  of  boilers  are  in  operation  for  the 
load  that  is  carried.  The  lack  of  this  knowl- 
edge alone  leads  many  plants  into  excessively 
heavy  coal  bills. 

The  form  reproduced  in  Fig.  9  shows  a 
daily  report  blank  which  I  devised  to  suit  the 
local  requirements  of  one  of  my  clients  and  it 
will  serve  as  an  illustration. 

The  installation  of  an  accurate  accounting 
system  for  the  boiler  plant  operates  for  the 
instruction  of  the  engineer  and  fireman  and 
enlists  their  interest  in  the  work  of  produc- 
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ing  economy  such  as  no  other  means  will  ac- 
complish. Both  humanity  and  efficiency  are 
well  served  when  a  system  of  rewards  is  in- 
augurated to  compensate  the  boiler-room 
staff  for  developing  and  maintaining  a  high 
evaporation   as   recorded  on  the  daily   re- 
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ports.^  Such  reward  is  well  deserved  by  the 
men,  and  can  not  easily  be  neglected  by  the 
management  since  the  method  reacts  with 
large  profits  to  their  advantage  in  the  re- 
duced coal  bills. 

We  have  now  seen  that  the  efficiency  of 
a  factory  boiler  plant  is  definitely  determin- 

^  See  Eraporatbn  Standards  in  Chapter  X. 
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able  by  means  of  sdentifio  diagnosis,  that  the 
balance  of  energy  known  as  '4oss"  can  be 
measured  and  analyzed,  and  that  the  large 
preventable  portion  of  that  loss  can  be  re- 
claimed and  added  to  the  eflSciency.  As  em- 
phasized by  onr  foregoing  discussion, '  we 
have  seen  that  for  these  accomplishments 
we  are  dependent  npon  the  imiversal  laws 
of  the  conservation  of  energy. 

So  far  we  have  dealt  with  the  transforma- 
tion of  the  latent  chemical  energy  of  the  coal 
into  the  active  heat  energy  of  combustion, 
which  was  again  transmitted  by  the  agency 
of  the  boiler  into  heat  in  the  form  of  steam. 
From  this  point  we  proceed  to  the  transfer- 
ence of  this  heat  to  the  engine,  and  then  its 
action  iw  the  engine  by  which  a  part  of  it  is 
eonverteil  into  mechanical  work,  thus  repre- 
senting another  cycle  of  eflScien(rsr.  The  in- 
vestigation of  these  matters,  together  with 
their  bearing  upon  the  location  and  elimina- 
tion of  preventable  losses  as  applied  to  the 
factory  plant,  will  form  the  subject  matter 
of  our  next  discussion. 


Chapter  V 
STEAM  PIPIiVG  AND  THE  ENGINE  PLANT 

FROM  the  boilers  the  steam  is  piped  to 
engines  for  power,  to  pumps  and  aux- 
iliary apparatus,  and  to  systems  for  heating 
and  process  work.  For  the  present  we  shall 
confine  our  discussion  to  that  portion  sup- 
plied directly  to  the  engines. 

There  is  always  a  certain  loss  of  heat  from 
the  steam  on  its  way  from  the  boiler  to  the 
point  of  its  application.  This  loss  is  caused 
by  radiation  of  heat  from  the  steam  piping 
and  by  energy  used  to  overcome  the  friction 
of  the  steam  against  the  inside  surface  of  the 
pipe.  The  combined  loss  from  both  causes 
is  manifested  in  condensation  of  a  part  of  the 
steam  and  a  reduction  of  pressure  at  the  end 
of  the  pipe. 

In  a  well-designed  plant  these  losses  arc 
very  small.  The  condensation  caused  by 
radiation  of  heat  to-  the  surrounding  air  is 
minimized  by  properly  covering  the  pipe  with 
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layers  of  li  eat- insulating  material.  In  still 
air  the  radiation  from  a  bare  pipe  with  high- 
pressure  steam  may  be  computed  by  allowing 
a  loss  for  each  squftre  foot  of  surface  of  from 
2  to  3  B.t.u.  per  hour  per  degree  difference 
of  temperature  between  the  air  and  the  steam 
in  the  pipe.  This  has  been  determined  by 
experiment,  but  varies  with  conditions.  The 
heat  8o  radiated  is  not  lost  except  in  so  far 
as  our  engine  is  concerned,  but  it  is  misspent 
energy  used  in  raising  the  temperature  of 
the  air  which  envelops  the  pipe.  Another 
method  of  detennining  the  extent  of  this  loss 
is  by  trapping  and  measuring  the  condensa- 
tion in  tlie  steam  pipe  and  adding  to  this  the 
entrained  moisture  in  the  steam,  which  ia 
found  by  means  of  a  steam  calorimeter. 

The  friction  loss  may  be  approximated  by 
a  comparison  of  the  amount  of  heat  in  the 
steam  at  the  initial  and  final  pressures.  A 
good  covering  will  prevent  about  85  per  cent 
of  the  radiation  loss. 

The  reduction  in  pressure  caused  by  fric- 
tion is  lessened  by  shortening  the  pipe,  in- 
creasing its  diameter,  and  eliminatitig  all 
possible  elbows  and  turns. 

The  total  combined   piping  loss  between 
the  boilers   and   the   engines  may  be  vc"^™ 
small,  so  that  the  heat  delivered  to  the 
gine  may  be  98.3  per  cent  of  the  heat 


STEAM   PIPING  AND   ENGINE   PLANT  105 

steam  produced  by  the  boilers,  which  figuro 
would  represent  the  efficiency  of  the  steam 
pipe  correspondinng  to  our  illustration  in 
Chapter  II. 

In  some  cases  where  long  lines  of  piping 
are  used  and  are  badly  laid  out  or  improperly 
covered,  the  loss  will  be  great;  and  in  one 
plant  that  I  investigated  the  preventable 
portion  of  this  waste  amounted  to  about 
$3,000  worth  of  coal  a  year. 

In  addition  to  correct  design  and  covering 
of  piping  it  is  possible  to  increase  the  saving 
by  the  employment  of  superheated  steam. 
There  are  three  kinds  of  steam.  1,  Wet 
steam,  which  contains  moisture  in  the  vesic- 
ular state — that  is,  \vater  in  the  form  of 
fog.  2,  **Dry  saturated"  steam,  which  con- 
tains no  moisture  and  has  the  temperature 
exactly  corresponding  to  its  pressure;  this 
the  layman  calls  ''ordinary  dry  steam''.  3, 
Superheated  steam,  which  not  only  contains 
no  moisture  but  carries  more  heat  than  would 
^  accounted  for  by  its  pressure.  It  there- 
fore has  a  temperature  above  that  of  dry 
saturated  steam,  but  the  same  pressure.  Su- 
perheated steam  is  obtained  by  passing  **  or- 
dinary'' steam  through  specially  constructed 
coils  or  tubes,  surrounded  by  hot  gases  either 
from  the  boiler  furnace  or  from  a  super- 
heater having  a  sr  ^uriiace  of  its  own. 
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niitil  it  has  lost  its  superheat — we  may  con- 
vey it  in  pipes  and  avoid  condensation  as 
long  as  any  of  the  superheat  remains.     In 
good   practice  a  degree  of  superheat  will 
carry  the  steam  10  feet,  so  that  if  we  desire 
to  convey  our  steam  1,000  feet  we  should 
have  to  add  100  degrees  to  its  temperature 
in  order  that  its  entire  weight  may  be  avail- 
able for  use  at  the  end  of  the  line. 

The  additional  consumption   of  coal   for 
securing  the  superheat  must  of  course  be 
deducted  from   the   total   saving  of   steam. 
Tills  amount  with  a  steam-gage  pressure  of 
101.3  pounds  will  be  (55-^  1,161^=  4.7  per 
*      cent  of  the  heat  required  for  a  pound  of  the 
I      "dry  saturated"  steam.    In  the  case  of  su- 
perheaters which  are  arranged  inside  of  the 
boiler  setting,  less  coal  than  this  would  be 
required  for  the  reason  that  the  additional 
heating  surface  would  tend  to  increase  the 
efficiency  of  the  combined  boiler  and  super- 
heater and  to  produce  a  smaller  chimney  loss. 
Consequently    in    ordinary    superheating    a 
very  small  percentage  of  fuel  is  required, 
*Dd  the  saving  by  the  stoppage  of  condensa- 
tion in  long  pipe-lines  may  be  very  large, 
depending  entirely  upon  local  conditions. 
^        Assuming  now  for  the  progress  of  our 
[• 

[  ^HmI  in  a  pound  of  dry  saturated  steam  at  101.3  pounds  gace  or  116 
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11.25  pounds  of  steam  with  an  output  of  20,- 
000  kilowatts.  It  will  operate  on  200  pounds 
pressure  and  200  degrees  of  superheat,  and 
an  absolute  back  pressure  of  1  inch  of  mer- 
cury. Assuming  mechanical  and  electrical 
losses  of  71/2  P^r  cent,  a  brake  horse-power 
hour  at  the  shaft  will  be  produced  for  about 
7.76  pounds  of  steam.  If  the  boilers  produce 
•  7.76  pounds  of  steam  under  actual  conditions 
per  pound  of  coal  at  the  turbine  nozzles,  then 
a  mechanical  horse-power  hour  will  be  ob- 
tained from  one  pound  of  coal,  apparently  a 
\  wonderful  economy.  But  let  us  see  just  what 
I.  this  means  in  true  efficiency.  The  number 
[  of  heat  units  in  a  pound  of  the  steam  as 
i  -  supplied  is  1,310  B.t.u.,  so  that  the  total  heat 
energy  delivered  per  horse-power  hour  is 
10,165  B.t.u.  Now  since  a  horse-power  hour 
w  equivalent  to  2,545  B.t.u.  at  100  per  cent 
^ciency,  the  actual  efficiency  developed  is 
2,545  ~-  10,165  or  25  per  cent.  This  repre- 
sents about  the  greatest  achievement  of  the 
kind  in  modern  steam-power  development, 
*nd  yet  we  have  succeeded  in  converting  into 
^iseful  work  only  25  per  cent  of  the  heat  in 
^e  steam.  By  a  little  analysis  we  shall  see 
kow  much  further  we  are  likely  to  attain 
toward  higher  efficiency.  After  the  almost 
complete  expansion  of  the  steam  in  the  highly 
^veloped  turbine  (or  engine  as  the  case  may 
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shall  have  already  reached  25  per  cent  with 
the  uew  turbine  we  have  mentioned. 

This  narrow  margin  of  theoretically  pos- 
sible improvement  is  imposed  by  the  fact 
that  no  matter  how  much  we  may  improve 
our  prime  mover,  the  greatest  portion  of  the 
heat  of  the  steam  (even  when  expanded  to 
ahnost  a  perfect  vacuum)  will  still  be  neces- 
sarily discharged  to  the  condenser.  This 
part  of  the  heat  is  latent  and  is  given  up 
only  upon  condensation. 

Still  higher  pressures  and  temperatures 
of  steam  call  for  very  expensive  and  special 
design  of  boilers,  piping,  and  apparatus  and 
the  gain  that  can  be  looked  for  in  these  direc- 
tions is  too  small  to  make  the  attendant  sav- 
ings of  any  considerable  commercial  value 
at  the  present  cost  of  fuel. 

It  is  now  plain  that  however  much  we  im- 
prove the  steam  engine  or  turbine,  its  ther- 
mal efficiency  will  be  low,  the  reason  being 
that  whether  we  operate  condensing  or  non- 
condensing,  with  compound  cylinders,  multi- 
stage turbines,  or  with  a  simple  Corliss  en- 
gme,  the  greater  portion  of  the  heat  (that  is, 
the  latent  heat  of  steam  at  the  exhaust  con- 
ditions) will  pass  out  to  be  absorbed  by  tlie 
condenser  or  to  appear  in  the  exhaust  steam 
from  the  engine. 

It  is  now  easy  to  understand  why  the  eflB- 
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ciont  utilization  of  exhaust  steam  is  of  pri- 
mary importance  in  the  factory  plant.  It  is 
also  easy  to  see  that  a  moderate-sized  factory 
power  plant  so  arranged,  designed,  and  op- 
erated as  to  balance  the  production  of  ex- 
haust steam  to  the  heating  load,  can  develop 
an  over-all  eflRciency  much  higher  than  the 
average  hirge  and  highly  refined  plant  of 
the  public-service  corporation.  A  failure  to 
accomplish  this  balance  in  such  a  manner  as 
to  opei-ate  (efficiently  at  different  seasons  of 
the  year  will  often  make  the  cost  of  i>ower 
so  high  that  the  c(»ntral-station  or  water- 
power  develoi)nient  will  be  enabled  to  offer 
])rices  for  pow(»r  whicli  are  competitive.  Suc- 
cess in  tliis  matter  depends  upon  a  full  knowl- 
edge of  local  conditions,  obtainable  only  by 
such  careful  investigation  as  we  are  grad- 
ually describing;  and  this  knowledge  to- 
gether with  correct  (engineering  information 
must  form  the  basis  of  all  plans  and  recom- 
mendations. 

An  important  (iuesti(m  always  to  be  de- 
eid(»d  is  whetluM-  it  will  pay  to  run  the  engine 
wndtMisiiig  as  (>]>posed  to  (^xliausting  into  a 
heating  system.  If  there  liappens  to  be  a 
U5iO  for  all  of  tlu^  (^xhaust  st(^am  all  of  the 
lime  this  bi^comes  a  siniph*  ])roblem  to  solve. 
Kor  illustration,  lakt^  the  Corliss  engine  of 
oar  ^\»uiph*.    If  ^v<'  ad<l  a  condenser  to  pro- 
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duce  the  ordinary  vacuum  of  25  to  26  inches 
we  shall  expect  to  reduce  our  30  pounds  of 
steam  per  brake  horse-power  hour  to  about 
22^4  pounds,  thus  making  a  saving  of  about 
25  per  cent  ^  of  the  steam  and  coal  formerly 
used  to  run  the  engine.     We  shall  also  in- 
crease the  horse-power  capacity  of  the  en- 
gine by  the  percentage  which  the  vacuum 
adds  to  the  mean  effective  or  driving  pres- 
sure on  the  piston.    This  frequently  amounts 
to  one-third  more  power.    For  exact  calcula- 
tions of  these  results  each  case  must  be  sep- 
arately   considered    and    proper    allowance 
made  for  all  affecting  conditions.     For  th<» 
present  purpose  it  is  sufficient  to  state  that 
imder  usual  factory  conditions  the  saving  by 
condensing  over  non-condensing  will  be  in 
the  neighborhood  of  20  to  25  per  cent  of  the 
steam  required  per  horse-power  hour. 

*  For  ecmdeiuuig — ^Tbe  heat  in  dry  saturated  steam  expanding  adia- 
batlctlly  from  101.3  pounds  gage  or  116  pounds  absolute  to  2  pounds 
•bsobte,  i.  e.,  running  condensing  (which  corresponds  to  25.8.'>  inches  of 
▼aewun,  is  265  B.t.u.  The  corresponding  heat  between  the  sanio  initial 
pvanre  and  5.3  pounds  back  pressure  or  20  pounds  absolute  is  132  H.t.u. 
"niatis,  if  perfectly  utiliied,  steam  of  101.3-pounds  nage  pressure  will  ikt- 
fonn  a  trifle  over  twice  the  work,  if  by  adding  a  condenser  the  back  pressure 
>»iwiuoed  from  5.3  gage  pressure  to  a  vacuum  of  25.85  inches  of  mercury. 

There  are  cases  where  this  ratio  of  improvement  has  been  realized  by 
■™JNf  a  condenser  and  inserting  a  low-pressure  turbine  between  the  engine 
•nd  ocmdenser,  a  turtnne  being  intrinsically  more  efficient  on  low-pressure 
■teun  Uian  a  reciprocating  enipne.  But  the  addition  of  a  condenser  alone  to 
oor  ample  encpne  will  actually  give  an  increase  of  power  output  of  only 
■hottt  ooe-third,  or  a  saving  of  steam  for  the  same  power  of  twenty-five 
P«  cent.  These  figures  will  vary  considerably  with  the  conditions  such  as 
uii^  steam  pressure,  mean  effective  pressure  orifdnally  obtained,  design  of 
▼atre  fearing,  nae  of  ports,  condenser  connections,  etc. 
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If  now  we  refer  Imck  to  the  heat  in  the 
exhaust  steam  from  our  Corliss  engine  and 
remember  that  it  contained  92.7  ^  per  cent  of 
the  heat  in  the  steam  supplied  to  it,  we  shall 
observe  that  the  expedient  of  employing  a 
condenser  will  save  in  the  form  of  energy 
only  20  to  25  per  cent,  and  the  balance  of 
72.7  per  cent  to  67.7  per  cent  will  still  be 
wasted  as  discharge*  from  the  condenser. 
Add  to  this  the  fact  that  an  appreciable  per- 
centage of  steam  is  required  to  operate  the 
condenser  and  the  over-aU  effidenc^  will  be 
still  lower. 

If,  on  the  other  hand,  we  are  able  to  con- 
nect the  engine  exhaust  with  an  efficient  heat- . 
ing  system,  we  shall  be  able  to  displace  ex- 
pensive live  steam  from  the  boilers  and  util- 
ize practically  all  of  the  heat  from  the  ex- 
haust steam.  A  good  feed-water  heater 
should  form  the  first  part  of  such  a  system* 
Now  to  complete  our  comparison  of  conden- 
sing versus  heating  with  exhaust  steam,  let 
us  see  just  what  efficiency  the  engine  is  ca- 
pable of  developing  in  the  latter  instance. 

We  shall  assume  that  the  heating  system 
and  feed-water  heater  are  so  well  designed 

>  88.1  per  cent  "dry  saturated"  steam  and  4.6  per  cent  moialan  ai SS8 
deffrees. 

*  A  small  percentaice  of  this  can  be  returned  to  the  boQer  bgr  addb^  a 
liw  degreee  to  the  boUer  water  by  means  of  a  feed-watn  hMlftor  plaetd 
%ilWMQ  the  engine  exhaust  and  the  condenser. 
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that  together  they  will  utilize  all  the  heat  in 
the  exhaust  steam  down  to  a  drip  tempera- 
tare  of  200  degrees,  and  without  for  the 
present  considering  any  piping  loss,  which 
may  be  very  small  or  of  considerable  impor- 
tance as  governed  by  local  conditions. 

The  heat  in  a  pound  of  exhaust  steam  at 
5.3-pounds  back-pressure  that  it  will  give  up 
when  cooling  to  200  degrees  at  the  drip  end 
of  heaters  and  radiators  is  940  B.t.u.^  This 
is  940  ^  1,161  =  80.8  per  cent  of  the  heat 
entering  the  engine  ^  or  940  -^  1,076  =  87.3 
per  cent  of  the  heat  in  the  exhaust  steam, 
including  its  moisture.  Of  the  heat  entering 
the  engine  7.3  per  cent  was  converted  into 
mechanical  work,  and  by  the  perfect  utiliza- 
tion of  the  exhaust  steam  we  convert  80.8  per 
cent  more  of  its  heat  into  useful  purposes 
(live  steam  of  equal  heat  value  would  other- 
wise be  required)  so  that  the  true  eflSciency 
of  our  ordinary  Corliss  engine  has  become 
7.3  per  cent  +  80.8  per  cent  =  88.1  per  cent. 
There  is  no  prime  mover  in  the  world  that 
will  even  approach  this  efficiency,  which  is 


^  A  poimd  of  exhaust  steam  at  5.3  pounds  gage  pressure  containing 
5  per  cent  moisture  cooling  to  200  detfxecs  atmospheric  pressure.     In  the 

steara  0.95  (1,166  —  168)  = 938.6  B.t.u. 

In  the  water  0.05  (228  —  200)  = 1.4 

Total  heat  given  up  per  lb.  of  exhaust  steam 940.0  B.t.u. 

*  Assuming  dry  saturated  steam  at  the  engine  and  computing  heat 
above  60  degrees. 
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obtained  as  we  have  seen  by  balancing  the 
production  of  exhaust  to  the  heating  require- 
ments with  a  simple  type  of  steam  engine. 
When  we  considered  running  condensing  for 
this  engine  we  found  that  we  saved  not  over 
about  25  per  cent,  which'  brought  its  efficiency 
from  7.3  to  9.75  per  cent,  whereas  by  the  above 
method  of  combining  power  with  heating  our 
efficiency  becomes  over  88  per  cent.  In  prac- 
tice this  works  out  so  beautifully  that  for 
approximate  calculations  we  may  say  that  the 
efficient  use  of  exhaust  steam  will  take  the 
place  of  an  equivalent  amount  of  live  steam 
direct  from  the  boilers.  Thus  we  have  seen 
a  proper  comparison  of  the  value  of  running 
condensing  as  compared  to  heating  with  ex- 
haust steam  when  the  heating  load  just  bal- 
ances the  production  of  the  by-product  ex- 
haust steam.  So  also  have  we  confirmed 
the  statement  previously  made  that  the  averb. 
age  factory  plant  has  a  great  intrinsic  ad- 
vantage over  the  cc^ntral  power-station  where 
the  former  requires  a  considerable  amount 
of  heating.  The  figures  for  this  comparison 
may  be  represented  by  a  ratio  as  great  as 
88  to  24,  that  is  almost  4  to  1.  When  there 
is  a  smaller  proportion  of  heating  to  be  pro- 
vided for,  this  ratio  varies  accordingly  and 
nmst  be  worked  out  carefully  for  any  given 
case.    As  to  condensing,  the  rough  statement 
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that  it  will  not  pay  if  more  than  one-third 
of  the  engine  exhaust  can  be  used  is  approx- 
imately correct. 

If,  under  the  operating  conditions  cited,  it 
is  desired  to  know  the  cost  of  producing 
energy  or  horse-power  hours  alone,  the  eflS- 
ciency  of  the  engine  must  be  credited  with 
tlie  heat  it  supplies  to  the  heating  system. 
This  is  equivalent  in  this  case  to  crediting 
the  engine  with  a  (thermal)  efficiency  of  88 
per  cent. 

This  88  per  cent  efficiency  of  a  non-condens- 
ing engine  exhausting  into  a  perfect  heating 
system  as  above  stated  is  comparable  to  the 
24  per  cent  efficiency  of  tlie  highly  developed 
condensing  steam  turbine  of  the  great  and 
efficient  central  power  plants.  And  this  is 
the  main  reason  why  an  isolated  plant  is  able 
to  compete  successfully  with  power  produced 
by  the  large  central  steam  or  water-power 
stations. 

This  discussion  strikingly  exposes  the 
necessity  of  including  in  our  power-plant 
investigation  a  determination  of  the  amount 
of  steam  used  for  heating  as  well  as  the 
amount  consumed  by  the  engines.  Those 
tests  should  include  the  power  versus  hont- 
ing  requirements  for  summer  and  winter,  day 
and  night,  in  order  to  design  for  high  effi- 
ciency at  all  times  and  under  all  conditions. 
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AVIiere  such  determinations  were  made  in  one 
case  I  was  enabled  to  add  about  50  per  cent 
to  the  horse-power  capacity  of  the  plant  with 
only  an  insignificant  increase  of  steam  from 
the  boilers.  In  this  instance  this  was  accom- 
plished by  converting  a  large  amount  of  live- 
steam  radiation  into  a  low-pressure  system 
which  permitted  the  substitution  of  exhaust 
steam.  The  latter  was  then  supplied  by  a 
Corliss  engine  which  was  installed  to  *'take 
the  work''  out  of  the  high-pressure  steam  be- 
fore* it  i)assed  to  the  heating  system.  The 
engine  merely  acted  as  a  reducing  valve  and 
the  power  obtained  was  a  by-product  of  the 
revised  heating  system. 

There  arc  many  hnlldings  and  factories 
today  that  make  steam  for  heating  and  pur- 
chase  electric  current  for  their  power  pur- 
poses 1)ut  might  just  as  easily  obtain  most 
of  the  power  they  need  as  a  pure  by-product 
of  the  heating  system,  nitli  very  little  fur- 
ther erpenditurc  for  fuel;  yet  this  fact  is  not 
widely  understood  outside  of  the  engineering 
profession.  The  o\i\e\  extent  to  which  such 
results  can  be  aceoniplished  cannot  be  proph- 
esied or  estimatiMl  williout  a  very  careful  pre- 
liminary investigation  of  all  alTecting  condi- 
uons  along  the  lines  w(^  have  indicated. 

In  order  to  gain  full  information  of  these 
KC>iitions  it  is  necessary  to  test  the  engines 


^ 


STEAM   PIPING  AND  ENGINE  PLANT  119 

for   steam  economy.     It  will  then  also  be 
known  whether  steam  is  being  wasted  by  the 
engine  in  the  form  of  exhaust  that  might  be 
utilized,  or  in  case  of  there  being  no  oppor- 
tunity for  this,  to  determine  the  saving  pos- 
sible by  reducing  the  waste  in  the  engine 
itself.    Even  if  the  exhaust  steam  from  one 
or  more  of  the  engines  perfectly  balances  the 
heating  load  it  is  quite  possible  to  discover 
waste  and  to  cut  down  the  consumption  of 
steam  of  those  engines  in  the  plant  which 
are  run  condensing.    Economies  of  this  kind 
react  directly  on  the  coal  bill. 

The  steam  consumed  per  horse-power  or 
kilowatt  hour  is  found  by  measuring  the  feed 
water  of  the  boilers  supplying  steam  to  an 
engine  and  at  the  same  time  taking  indicator 
cards  and  noting  the  kilowatt  hours  pro- 
duced. In  case  of  an  engine  exhausting  into 
a  surface  type  of  condenser  the  exhaust  con- 
densation can  be  measured  instead  of  the 
feed  water  if  this  happens  to  be  easier  under 
the  circumstances.  From  these  tests  we 
shall  have  the  steam  and  coal  ^  consumption 
in  the  engine  as  well  as  the  fuel  cost  per 
horse-power  or  kilowatt  hour,  and  we  shall 
know  how  eflBciently  the  engine  is  working, 

1  Coal  consumption  of  the  engino  is  obtained  by  combining  with  ita 
m  consumptioQ  the  evaporative  results  of  the  boiler  tests  discussed  in 
Chapter  lU. 
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how  much  steam  it  is  wasting,  what  percent- 
age of  its  rated  horse  power  it  is  developing, 
and  consequently  just  what  saving  can  be 
eflfected  in  steam  and  coal  by  making  such 
repairs,  changes  in  load,  steam  pressure  or 
back  pressure,  etc.,  as  will  have  been  indi- 
cated by  the  results  and  data  of  our  test. 

Sometimes  a  heavy  back  pressure  ^  is  found 
which  when  relieved  by  proper  changes  will 
increase  the  capacity  of  the  engine  20  to  50 
p(M-  cent  and  also  reduce  the  steam  consump- 
tion materially  by  allowing  an  earlier  cut-off. 
It  is  (luite  usual  to  find  enough  back  press- 
ures- on  a  non-condensing  engine  to  reduce  its 
li()r8e-i)ower  rating  from  12  to  25  per  cent, 
and  in  one  ease  I  found,  owing  to  heavy  back 
pressure,  sullicient  steam  in  the  exhaust  to 
run  lwic(»  the  number  of  engines  for  the 
steam  that  was  used.  Trouble  from  this 
source^  is  found  bv  examination  of  indicator 

ft- 

cards  taken  as  part  of  the  engine  test.  It 
is  corrected  usually  by  improvement  in  the 
exhaust  [)iping  or  heating  system,  which  is 

^  Buck  prcHHiirr  is  the  pres-sun-  of  the  rxhaust  atoam  acting  on  the  oppo- 
ait4'  side  of  the  piston  from  the  livr  steam  that  drives  the  en^De. 

'  KfTcct  of  back  pressure  is  proportional  to  the  ratio  of  back  pressure  to 
mean  elTective  prcHsure  as  found  by  the  indicator.  Thus  if  the  mean 
elTective  pre.-«sure  is  40  pouiuls  and  the  back  pressure  S  pounds,  the  capacity 
of  the  I'lmine  by  reUeviim  the  back  pressure  will  be  increased  8  -5-  40  or  20 
per  cent.  For  the  same  hors<'  power  this  will  iK-rniit  an  earlier  cut-ofif  in 
the  engine  with  the  attendant  savinir  of  st<'arn.  The  efTect  of  reducing  bock 
pre.-tsure  is  the  same  in  kind  as  adding  a  condens<-r,  the  increase  of  eflSciency 
varying  only  in  di-nnnv 
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frequently  so  poorly  designed  as  to  cause  the 
congestion  of  steam  resulting  in  back  pres- 
sure on  the  engine.    I  have  even  found  seri- 
ous back  pressure  caused  by  the  sticking  of 
the  relief  valve.    This  was  remedied  in  five 
minutes  and  would  never  have  occurred  if  a 
proper  back-pressure  gage  had  been  attached 
to  the  exhaust  pipe  to  indicate  the  existence 
of   trouble.      Sometimes    back    pressure    is 
found  to  be  caused  in  the  engine  itself  due 
to  its  design  in  the  provision  of  inadequate 
exhaust  passages.    The  effect  of  this  is  espe- 
cially apparent  when  running  at  full  capacity 
or  overloads. 

If  none  of  the  exhaust  steam  from  an  en- 
pne  can  be  used  for  heating  purposes  it  then 
becomes  the  duty  of  the  investigator  to  de- 
termine the  extent  and  cost  of  savings  that 
can  be  effected  by  changes  in  operation  or 
by  replacing  the  engine  with  one  of  more 
economical  design.  Since  the  test  has  given 
complete  data  as  to  the  load  to  be  carried 
and  also  as  to  the  efficiency  of  the  engine,  it 
becomes  possible  to  predict  how  much  saving 
would  be  obtained  by  a  more  highly  devel- 
^P^d  t}T3e  of  engine  whose  economy  is  knowTi. 
-^litems  of  cost,  including  any  added  operat- 
es charges,  must  be  taken  into  account  so 
that  the  net  saving  on  the  investment  can  be 
determined.    Such  a  report  must  review  all 
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types  of  engines  and  turbines  that  are  applic- 
able to  the  ease  in  hand,  and  many  impor- 
tant practical  considerations  must  be  in- 
cluded such  as  are  connected  with  the  opera- 
tion of  the  f  actory,  the  hours  of  runnings  the 
class  of  help  at  liand,  the  space  available, 
and  the  steam  pressure  and  condensing  facil- 
ities both  existing  and  possible.  The  cost 
and  saving  connected  with  the  use  of  super- 
heated steam  must  enter  into  these  compu- 
tations, both  as  applied  to  the  present  engine 
and  to  its  possible  use  with  the  improved 
unit  under  consideration.  Our  engine  test 
has  given  us  a  record  of  the  variation  of  the 
load  to  be  carried  at  all  hours  of  the  working 
day  and  this  factor  has  important  bearing 
upon  our  selection  of  a  new  unit. 

At  this  juncture  let  us  emphasize  the  rela- 
tion of  ^4oad  factor''  to  power-plant  effi- 
ciency. ^^Load  factor"  is  that  percentage 
of  its  full  rated  output  which  a  plant  actually 
develops  during  a  given  period  of  time.  In 
central- station  practice  the  time  period  is 
considered  24  hours,  though  the  load  factor 
may  also  be  determined  for  a  12-hour  day. 
If  a  station  is  designed  to  produce  500,000 
kilowatt  hours  per  day,  but  owing  to  the  im- 
possibility of  obtaining  steady  loads  its  ac- 
tual output  is  only  175,000  kilowatt  hours, 
then  its  load  f a<^  ^  "  '    'aid  to  be  35  per  cent, 


STEAM   PIPING  AND  ENGINE  PLANT  123 

a  very  common  condition.  Now  it  is  obvious 
that  when  a  plant  so  operates  its  investment 
charges  per  kilowatt  hour  will  be  almost 
trebled,  and  this  indeed  is  the  most  serious 
problem  with  which  the  great  power  stations 
of  today  have  to  contend.  Public  service  im- 
poses a  widely  variable  load  and  includes 
such  high  ** peaks"  at  certain  hours  of  the 
day  that  the  load  factor  is  necessarily  low. 
These  variations  in  power  requirements  not 
only  affect  the  investment  charges,  but  im- 
pose an  uneconomical  kind  of  load  on  the 
engine  or  turbine  equipment. 

To  a  large  extent  the  average  factory  is 
free  from  the  more  serious  part  of  such 
trouble,  especially  in  regard  to  the  load  to 
be  carried  during  the  working  day.  There 
are  exceptions  to  this  rule,  but  in  any  event 
it  is  important  to  understand  each  case  for 
the  determination  of  best  results,  and  our 
all-day  test  has  given  us  such  information 
that  we  can  select  the  best  sizes  of  engine 
for  the  work.  An  engine  gives  its  highest 
efficiency  at  full  load,  falling  off  either  with 
an  increase  or  decrease  from  this  point  of 
the  horse-power  output.  This  relation  of 
efficiency  to  capacity  is  generally  clearly 
shown  by  a  curve  plotted  with  reference  to 
*  series  of  parallel  determinations  for  the 
two  values.    This  is  known  as  the  efficiency 
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cnrve  and  the  characteristics  of  any  kind  of 
engine  or  turbine  may  be  readily  compared 
by  this  means  which  frequently  facilitates 
a  decision  upon  the  best  unit  for  the  load  con- 
ditions which  latter  have  been  disclosed  as 
indicated. 

In  our  final  specification  of  prime  mover 
we  must  embody  a  due  consideration  for  in- 
creased horse  power  to  allow  for  growth  of 
the  factory  plant.  But  this  must  be  obtained 
with  a  minimum  sacrifice  of  efficiency  at  other 
than  full  loads.  To  add  somewhat  of  defi- 
niteness  to  this  statement,  we  may,  for  in- 
stance, by  the  use  of  reliable  efficiency  curves, 
be  enabled  to  discover  that  for  some  given 
size  of  unit  a  turbine  will  give  better  effi- 
ciency under  a  wide  variation  of  load  than 
a  compound  engine,  although  it  may  also  be 
found  that  at  a  steady  full  load  the  engine 
would  have  the  advantage. 

Without  further  discussion  we  shall  realize 
that  the  thorougli  investigation  of  the  engine- 
room  part  of  our  problem  involves  both 
broad  and  at  the  same  time  specific  informa- 
tion, which  is  the  result  of  decades  of  study 
and  progress  in  this  field.  The  subject  is 
so  great  and  so  involved  in  its  analysis  that 
it  would  be  quite  '  ^  ^^om  our  present 
object  to  do  more  '  few  simplified 
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statements  in  a  rather  comprehensive  man- 
ner. 

We  shall  therefore  leave  to  the  following 
chapter  the  review  of  eflSciencies  obtained 
with  steam  engines  and  the  comparison 
with  economies  obtainable  from  other  prime 
movers. 


Chapter  VI 

STEAM  PIPING  AND  THE  ENGINE  PLANT 

{Continued) 

T  ET  us  review  the  range  of  eflSciencies 
^^^  obtained  with  steam  engines,  upon  which 
we  have  already  touched,  and  concentrate  our 
attention  upon  the  preventable  losses  in- 
volved, together  with  a  comparison  with 
those  of  other  types  of  prime  movers  which 
enter  the  field  of  competition  and  which  con- 
sequently demand  our  consideration.  These 
other  types  include  the  internal-combustion 
engine  whose  fuels  are  oils  and  gases,  the 
latter  when  derived  directly  from  coal  giving 
the  name  of  *^ producer  gas''  to  that  specific 
kind  of  apparatus.  To  these  we  may  also 
add  the  water-wheel  or  turbine. 

Beginning  with  tlie  steam  engine  we  have 
already  observed  that  its  efficiency  varies 
between  ^  and  25  per  cent,  considered  purely 

1  The  old  slide-valve  type  will  have  efficiencies  as  low  as  4  per  cent. 
The  coal  uBcd  per  enidne  horse  power  varies  of  course  with  the  efficiency  of 
the  en^ne,  the  efficiency  of  the  boiler  and  furnace,  and  the  quality  of  the 
coal.  In  wide  ranges  of  practice  an  engine  will  consume  from  about  1  or  l)^ 
pounds  of  coal  to  9  or  10  pounds  per  horse-power  hour. 
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as  a  power  producer  without  reference  just 
now  to  the  utilization  of  its  valuable  by-prod- 
uct of  exhaust  steam.     We  have  seen  that 
even  an  ideal  engine  or  turbine  would  not 
give  an  efficiency  above  32.4  per  cent  with 
steam  at  200-pound8  pressure  and  200  de- 
grees superheat,  and  that  the  efficiency  is 
limited  by  the  practicable  amount  to  which 
we  can  increase  the  pressure  and  tempera- 
ture of  the  initial  steam,  these  in  turn  being 
limited  by  considerations  of  design,  safety 
and  cost.    The  large  necessary  loss  with  the 
steam  engine  or  turbine  is  occasioned  by  tlie 
discharge  to  the  condenser  of  tlie  oxluiust, 
vhich  even  at  highest  obtainable  vacuums 
contains  the  majority  of  heat  units  originally 
carried  in  the  steam  supplied  to  the  prime 
Diover.    The  principal  partially  preventable 
losses  in  the  process  are  those  due  to  friction, 
cylinder   condensation,   leakage,   incomplete 
expansion  of  the  steam,  ^'wire  drawing",  and 
excessive  clearance  volume. 

The  losses  due  to  friction  in  the  best  types, 
depending  on  their  rating,  amount  to  only 
about  5  per  cent  of  the  total  power  produced, 
which  is  a  proportionately  smaller  percent- 
age when  referred  to  the  heat  or  energy  in 
the  steam.  The  percentage  of  frictional  loss 
decreases  as  the  horse-power  output  in- 
creases.   It  is  reduced  by  careful  design  with 
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special  regard  to  balanced  valves  and  proper 
lubricating  systems. 

The  loss  due  to  cylinder  condensation  is 
the  most  serious  of  all,  and  is  susceptible  to 
the  greatest  reduction  by  improved  desigi}« 
It  is  caused  by  the  chilling  effect  of  the  cylin- 
der walls  of  the  engine  upon  the  entering 
steam,  and  in  simple  engines  using  dry-sat- 
urated steam  frequently  accounts  for  20  to 
25  per  cent  of  their  steam  consumption. 
There  are  three  methods  of  importanoe 
employed  for  reducing  this  loss: 

First,  by  increasing  the  horse-power  rating 
of  an  engine,  which  is  accomplished  by  the 
use  of  higher  speeds  and  pressures  and  later 
** cut-offs''.  The  percentage  loss  thus  be- 
comes less  since  the  condensation  is  an  ap- 
proximately constant  quantity^ 

Second,  by  the  use  of  superheated  steam^ 
which  must  be  cooled  to  its  saturation  point 
before  condensation  can  take  place,  it  is  made 
to  act  more  nearly  like  a  perfect  gas  with 
a  consequently  lower  consumption  by  the 
minimizing  of  condensation.  Under  the  right 
conditions  the  amount  of  coal  required  to 
superheat  the  steam  is  very  small  compared 
to  the  saving  of  steam  thereby  produced  in 
the  engine.  This  practice  is  much  older 
abroad  than  in  the  United  States,  but  is  well 
tmtnblished  in  this  country  and  rapidly  gain*' 
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ing  favor  in  manufacturing  establishments. 
Economies  are  so  decided  in  this  direction 
that  all  modern  central  plants  are  employing 
superheat.    Factory  plants  are  able  to  obtain 
greater  saving  by  its  use  than  the  more  high- 
ly developed  central  stations.    The  reason  is 
twofold.     Factories  usually  require  longer 
steam  lines  and  therefore  there  is  a  good  sav- 
ing possible  in  the  reduction  of  piping  loss. 
But  the  more  potent  fact  is  that  the  less  eflS- 
cient  the  engine  the  greater  the  cylinder  con- 
densation, and  consequently  the  greater  will 
be  the  economy  to  be  gained  by  superheating 
the  steam  which  acts  directly  to  reduce  this 
loss.    Steam  of  very  high  temperature  re- 
quires the  use  of  special  design  and  material 
for  piping  and  engine  valves,  but  experience 
has  indicated  that  a  total  temperature  of  not 
over  450  degrees  to  500  degrees  will  not  seri- 
ously aflfect  an  ordinarily  well-constructed 
factory  power  plant. 

The  third  method  of  reducing  the  largely 
preventable  cylinder  condensation  is  by  com- 
pounding our  engine  or  turbine;  that  is  to 
say,  instead  of  performing  the  complete  ex- 
pansion of  the  steam  in  one  stage  or  cylinder, 
distributing  the  work  consecutively  among 
^^0  or  more  cylinders  of  progressive  size. 
Thus  we  have  the  compound  engine  (double, 
triple,  or  quadruple)  according  to  the  number 
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of  stages  of  expansion  which  we  provide. 
This  step  is  advisable  only  when  compara- 
tively high-pressure  steam  is  available  with 
its  consequent  high  temperatures.  The  trans- 
fer of  heat  from  steam  to  metal  is  propor- 
tional to  the  difference  in  temperature  be- 
tween the  steam  and  the  metal.  Hence  when 
this  difference  is  very  great  it  pays  to  di- 
vide the  expansion  of  the  steam  by  com- 
pounding the  cylinders  so  that  each  cylinder 
is  kept  at  a  temperature  corresponding  as 
nearly  as  possible  to  the  temperature  of  the 
steam  in  that  particular  stage  of  its  expan- 
sion. In  this  way  cylinder  condensation  is 
reduced  and  a  higher  eflSciency  is  obtained. 
It  follows  also  that  in  such  an  engine  super- 
heating the  steam  will  have  less  effect  than 
on  a  simpler  type  of  steam  motor.  In  fact, 
it  is  often  possible  to  get  compound-engine  * 
efficiency  by  combining  superheat  with  a  sim- 
ple engine,  especially  if  the  steam  pressure 
is  not  high,  that  is  not  over  about  125  pounds. 
In  a  number  of  cases  it  has  been  found  that 
a  low-pressure  turbine  can  be  attached  to 
the  exhaust  of  a  steam  engine  with  a  large 
increase  in  horse  power  and  efficiency.  This 
is  simply  a  convenient  and  efficient  method  of 

• 

compounding  and  amounts  to  the  addition 
of  a  second  or  third  cylinder  to  the  engine. 
Before  leaving  the  subject  of  loss  due  to 
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cylinder  condensation  let  us  emphasize  an 
important  point  in  this  connection.  Other 
things  being  equal,  the  larger  the  engine  or 
turbine  the  greater  will  be  its  eflSciency  and 
the  lower  its  steam  consimiption  per  horse- 
power hour.  This  follows  from  causes  al- 
ready discussed,  and  permits  appreciation  of 
the  fact  that  economy  is  produced  by  using 
a  few  large  engines  rather  than  a  larger  num- 
ber of  small  ones.  In  factory  work  it  is  fre- 
quently possible  to  secure  large  savings  by 
following  this  plan.  Otherwise  stated,  the 
development  of  mechanical  energy  by  steam 
engines  or  turbines  should  be  concentrated. 

This  concentration  as  a  general  rule  is  lim- 
ited only  by  load  conditions.  For  example,  if 
a  plant  were  to  develop  only  one-third  of  its 
full  load  for  a  large  portion  of  the  time  it 
would  not  ordinarily  pay  to  try  to  operate 
with  a  single  large  engine.  Either  two  or 
three  engines  suited  to  the  conditions  and 
thrown  on  as  the  load  required  would  give 
better  eflSciency.  On  the  other  hand,  if  all  the 
exhaust  steam  can  be  used  all  of  the  time, 
then  it  makes  but  little  difference  whether 
hy  scientific  design  we  produce  an  engine 
horse-power  hour  for  less  steam.  In  such 
^  case  I  have  used  a  reducing  valve  for  a 
Corliss  engine  when  it  had  to  run  at  very 
light  loads.     This  enabled  the  ** chief'  to 
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increase  his  steam  pressure  as  the  load  in- 
creased. Without  such  precaution  the  en- 
gine valves  would  have  '^ knocked'',  and 
** loops'*  or  negative  work  would  have  oc- 
curred in  the  cylinder  accompanied  by  regu- 
lation troubles. 

The  engine  problem  can  never  be  properly 
considered  without  reference  to  the  use  of 
its  exhaust  steam. 

In  another  factory  plant  I  found  the  main 
engine  to  be  about  four  times  too  large  for 
the  maximum  load.  In  order  to  get  it  to  run 
smoothly  they  had  reduced  the  boiler  pres- 
sure by  30  pounds.  The  result  of  both  causes 
was  a  steam  consumption  of  80  pounds  per 
horse  power  per  hour  and  most  of  the  ex- 
haust was  being  wasted.  In  this  case  it  was 
necessary  to  recommend  a  smaller  engine 
which  would  give  an  eflSciency  of  30  pounds, 
permit  the  use  of  full  boiler  pressure,  and 
pay  for  itself  in  a  short  time.  The  great 
loss  was  due  principally  to  cylinder  conden- 
sation, most  of  which  would  be  re-evaporated 
and  wasted  through  the  exhaust  relief  valve. 

The  loss  due  to  leakage  is  an  important 
one.  This  occurs  through  the  steam  valve 
or  past  the  piston,  so  that  live  steam  escapes 
through  the  engine  into  the  exhaust  piping 
without  doing  any  work.  This  kind  of  waste 
is  very  serious  and  I  have  found  losses  of 
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many  tons  of  coal  from  this  source.    The  cor- 
rection is  usually  a  machine-shop  job  involv- 
ing  reboring   of  the   cyUnder,   new   piston 
rings,  new  piston,  or  replaning  of  valve  and 
seat  according  to  the  precise  location  of  the 
trouble.    In  a  large  measure  it  can  be  pre- 
vented in  the  original  specilBcation  of  engines 
by  avoiding  those  types,  especially  most  de- 
signs of  high-speed  four-valve  or  automatic 
engines,  which  are  intrinsically  wasteful  in 
regard  to  leakage  after  they  have  been  run 
a  few  months.    In  a  recent  test  I  found  an 
engine  of  this  class  using  57  pounds  of  steam 
per   horse-power    hour    where    30    pounds 
should  have  been  sufficient.     The  principal 
part  of  this  loss  was  due  to  leakage  past  the 
steam  valve. 

The  loss  from  incomplete  expansion  of  the 
steam  may  be  caused  by  the  lack  of  intelli- 
gent specijfications  in  the  purchase  of  the  en- 
gine. That  is  to  say,  many  engines  are  pur- 
chased **on  faith"  with  no  proper  provision 
as  to  their  size,  speed,  cut-off  at  full  load,  or 
steam  consumption.  Thus  it  is  possible  to 
W  an  engine  guaranteed  to  develop  say  200 
horse  power.  This  may  easily  result  in  the 
purchase  of  an  engine  which  should  properly 
^6  rated  at  125  horse  power.  It  will  develop 
200  horse  power,  but  only  at  the  expense  of 
a  late  cut-off  which  means  an  excessive  steam 


134  PEEVENTINO   POWER-I'LiNT    LaSSES 


otM 


consumption,     Unfortnnately  this  is  not  i 
nncommoD  occurrence.    The  waste  of  stffl 
is  due  to  incomplete  expansion  caused  by  in- 
sn£Seient  cylinder  volume. 

The  excessive  overloading  of  an  engine 
properly  purchased  also  prevents  complete 
expansion  and  results  in  waste.  This  occurs 
in  the  rapid  growth  of  factoiy  power  require- 
ments the  extent  of  which  is  not  realized  by 
the  management. 

Wire  drawing  is  the  term  applied  to  the 
reduction  in  pressure  occasioned  by  the  pas- 
sage of  steam  through  a  restricted  port.  By 
its  action  the  initial  steam  pressure,  act- 
ing on  the  piston  of  the  engine,  becomes 
less  than  the  pressure  at  the  throttle.  The 
effective  pressure  of  the  working  stroke  is 
thus  reduced,  with  a  corresponding  increase 
in  the  steam  consumed  per  horsepower  hour. 
This  loss  should  be  reduced  to  a  minimum 
by  the  designer  of  the  engine  as  very  little 
can  afterwards  be  accomplished  for  its  cor- 
rection. 

The  last  in  our  list  of  preventable  losses 
is  that  due  to  excessive  clearance  volumes 
in  the  cylinder  and  steam  passages.  "When 
the  engine  is  on  dead  centre  the  space  en- 
closed by  the  piston,  the  cylinder  head,  ai  '  " 
the  steam  and  exhaust  valves  is  called 
"clearance".    Evidently  this  space  mast  1 
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filled  with  steam  before  full  pressure  can  be 
exerted  on  the  piston.    The  live  steam  so  used 
is  wasted  as  compared  to  the  operation  of 
an  ideal  engine  which  would  have  no  clear- 
ance space.     By  scientific  design  the  clear- 
ance is  made  as  small  a  percentage  of  the 
total  cylinder  voliune  as  possible,  and  in  op- 
eration a  high  ** compression"  may  be  car- 
ried in  order  to  fill  the  clearance  space  with 
exhaust  instead  of  live  steam. 

Now  if  the  investigation  of  our  plant  has 
shown  that  none  of  the  methods  thus  far  dis- 
cussed will  yield  the  desired  results  in  lower 
cost  of  powder,  we  can  still  turn  to  other 
means. 

The  internal-combustion  engine  includes 
oil,  producer  gas  and  natural  gas  as  fuel, 
which  in  each  case  is  burned  inside  of  the 
engine  cylinder.  The  heat  thus  developed 
causes  pressure  which  acts  in  place  of  steam 
against  the  piston. 

If  we  already  have  a  steam  plant  a  part 
or  all  of  which  must  be  run  to  meet  imposed 
requirements,  then  the  addition  of  another 
type  of  power  unit  will  add  complications 
which  are  well  to  avoid  unless  great  economy 
demands  them.  This  is  especially  true  in 
^manufacturing  where  the  product  and  not 
power  is  the  first  consideration.     Therefore 

• 

^  most  cases  it  does  not  pay  to  employ  two 
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kinds  of  power.  Such  a  change  would  usu- 
ally add  labor  and  interest  charges  far  out 
of  proportion  to  those  required  for  an  equal 
increase  in  power  by  a  steam-driven  unit 
Furthermore  the  internal-combustion  engine, 
although  it  has  undergone  great  improve- 
ment in  recent  years,  lacks  the  decided  ele- 
ment of  reliability  that  can  rightly  be  attrib- 
uted  to  the  steam  engine. 

But  there  are  still  many  cases  where  the 
gas  engine  is  an  economic  proposition.  Not- 
ably we  may  mention  those  manufacturing 
localities  where  cheap  natural  gas  is  avail- 
able, where  I  have  tested  many  engines  giv- 
ing  excellent  service,  both  as  to  reliability 
and  economy.  Then  there  is  a  growing  field 
of  usefulness  where  the  gas  engine  is  em- 
ployed to  operate  on  the  by-product  gases 
from  the  blast  furnaces  and  coke  ovens  of 
the  steel  industry. 

The  producer-gas  engine  is  applicable  in 
small  plants  requiring  very  little  steam  and 
where  an  occasional  shut-down  or  a  duplicate 
engine  would  be  considered. 

The  oil  engine  has  the  advantage  over  pro- 
ducer gas  in  that  the  engine  itself  consti- 
tutes the  entire  plant  and  does  not  require 
an  additional  apparatus  for  producing  the 
gas. 

Th(»  cost  of  power  with  any  of  the  internal* 
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combustion  engines  depends  upon  the  same 
factors    that    govern   any   other   means    of 
power  production,  viz: — Efficiency,  cost  of 
fuel,  labor  and  interest  charges.     The  last 
two  factors  must  be  determined  separately 
for  any  individual  set  of  conditions.     Effi- 
ciency and  cost  of  fuel  we  shall  now  examine. 
In  practice,  depending  upon  load  and  other 
conditions,  the  Diesel  type  of  internal-com- 
bustion engine  when  operating  on  oil  fuel  will 
develop  an  efficiency  of  25  to  27  per  cent. 
Under  best  conditions  about  31  per  cent  has 
been  obtained.    Thus  if  the  heat  value  of  the 
oil  used  was  20,000  heat  units  (B.t.u.)  per 
pound,  the  engine  used  0.41^  pounds  of  oil 
for  each  brake  horse-power  hour  generated. 
Other  highly  developed  oil   engines   attain 
these  efficiencies.     The  oil  consumption  will 
vary  with  the  percentage  of  full  load  carried, 
but  with  a  well-designed  high-pressure  four- 
cycle engine  0.6  pounds  of  oil  of  the  above 
heat  value  may  be  taken  as  a  fair  estimate  of 
practical  performance.    If  the  fuel  costs  21/0 
cents  per  gallon  containing  7l^  pounds,  then 
the  cost  of  oil  per  brake  horse-power  hour 
will  be  $0,002  2,  that  is  two  mills. 

FaduBed  =  x 

Then  X  (0.31  X  20.000)  =^  2,546 

x  =  0.411. 

■10.025  X  —  =  $0,002 
7.5 
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This  is  not  necessarily  lower  than  the  fuel 
cost  with  a  steam  engine  using  coal,  for  the 
comparison  depends  entirely  upon  efficiencies 
and  fuel  prices.  A  brief  comparison  may  not 
be  amiss  at  this  point.  With  low-grade  coal 
like  anthracite  buckwheat,  a  properly  de- 
signed boiler  plant  will  give  1,000  pounds  of 
steam  at  a  fuel  cost  of  11  cents.  (I  have  a 
very  small  plant  doing  this  for  10  cents.)  A 
good  compound  engine  or  turbine  will  give  a 
horse-power  hour  for  15  pounds  of  steam, 
which  at  this  price  gives  a  fuel  cost  per  horse- 
power hour  of  $0.00165,  that  is  1.65  mUls, 
which  is  even  lower  than  the  oil-engine  fuel 
cost  just  cited.  There  are  plenty  of  manu- 
facturing plants  where  the  cost  of  fuel  per 
horse-power  hour  will  run  from  5  mills  to 
lVi>  cents,  and  great  savings  are  generally 
possible,  but  by  methods  that  can  be  indi- 
cated with  certainty  only  by  a  thorough  in- 
vestigation of  all  the  surrounding  conditions. 

The  efficiencies  of  the  best  types  of  inter- 
nal-combustion engines  designed  to  operate 
on  the  Otto  or  four-stroke  cycle  ^  will  range 
between  16  and  24  per  cent.    When  they  are 

^  Four  strokes  of  the  piston  or  two  revolutions  for  each  eacplanon  or 
power  stroke.  Order  of  cycles:  1,  expU^on  stroke  outward;  2,  piston 
returns  to  dead  centre  cxpellinf;  koscs  of  combustion  to  exhaust;  8, 
stroke  outward  takinic  in  fresh  charge  of  kos  and  air:  and  4, 
same  preparatory  to  firinR  for  the  first  or  power  stroke.  In  the 
engines  all  four  functions  are  performed  in  two  strokes  with  an 
every  revolution. 
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supplied  with  gas  from  a  ''producer^'  their 
individual  eflBciencies  remain  about  the  same, 
but  the  over-all  or  ultimate  efficiency  is  re- 
duced by  the  loss  in  the  producer  itself.    The 
producer  efficiency  may  be  said  to  be  about 
80  per  cent,  so  that  if  the  engine  has  an  effi- 
ciency of  20  per  cent  the  ultimate  efficiency 
in  the  use  of  the  fuel  will  be  0.20  X  0.80  or  16 
per  cent,  based  on  the  heat  in  the  coal  sup- 
plied to  the  producer. 

In  the  natural  gas  regions  I  have  found 
gas  engines  using  from  10  to  12  cubic  feet  of 
gas  per  indicator  horse  power  per  hour  with 
gas  of  1,100  B.t.u.  per  cubic  foot  selling  at 
20  cents  per  1,000  cubic  feet.  In  these  cir- 
cumstances an  engine  may  develop  a  brake 
or  mechanical  horse-power  hour  for  11  cubic 
feet  of  gas,  in  which  case  the  fuel  cost  ^  would 
be  about  $0.0022.  (The  heat  efficiency  of  the 
engine  would  be  21  per  cent.)  This  is  a  fair- 
ly low  jfigure  in  manufacturing  work,  but  it 
must  be  remembered  that  in  many  localities 
where  gas  is  cheap  high-grade  coal  may  also 
be  obtained  at  very  low  prices.  Furthermore, 
in  the  many  cases  where  a  considerable 
amount  of  heating  is  required,  the  steam  en- 

11    X  $0  20 

» Fuel  coat  =  '■ —  =  $0.0022  per  b.h.p.  hour. 

1,000 

AaBoming  90  per  cent  mechanical  efficicDcy,  i.  c,  10  per  cent  friction, 
a  eonmimption  of  10  cu.  ft.  per  indicator  horse-pKJWcr  hour  will  become 
1^  -r-  0.00  X  10  =  11.1  cu.  ft.  per.  brake  horse-power  hour. 
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gine  by  the  utilization  of  its  valuable  exhaust 
steam  may  not  only  be  enabled  to  compete 
with  the  gas  engine  but  may  produce  a  much 
higher  over-all  eflBcien<qr« 

It  is  tme  that  the  gas  or  oil  engine  also 
possesses  a  similar  feature  of  by-product 
heat  supply,  but  not  to  the  extent  of  the  fac- 
tory type  of  steam  engine.  Beferring  back 
to  our  previous  analysis  we  shall  remember 
that  the  exhaust  steam  from  a  good  Corliss 
engine  may  contain  over  90  per  cent  of  the 
original  heat  in  the  steam  supplied  at  the 
throttle.  By  its  efficient  utilization  its  ex- 
haust may  be  made  to  take  the  place  of  nearly 
an  equal  weight  of  live  steam  from  the  boil- 
ers, in  which  circumstance  the  over-all  ef- 
ficiency thus  produced  is  extremely  high. 

In  order  to  understand  the  nature  of  the 
by-product  heat  from  our  gas  engine  we  may 
profitably  consider  the  typical  heat  balance 
on  page  141.  This  analysis  may  fairly  be 
taken  as  representative  of  the  best  gas-engine 
practice  and  we  shall  take  for  the  example 
the  engine  recently  mentioned. 

An  examination  of  this  analysis  at  once 
shows  where  the  principal  losses  occur  in 
the  operation  of  a  gas  engine.  The  great- 
est loss  and  the  most  tangible  one  is  the  heat 
carried  away  in  the  jacket- water  used  for 
the  purpose  of  maintaining  the  cylinder  at 
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GAS-ENGINE  HEAT  BALANCE 

Heat  in  1  cubic  foot  of  natural  gas .     1,100  B.t.u. 

Heat  supplied  by  11  cubic  feet  of 
gas  to  produce  a  brake  horse 
power  per  hour— 11  X  1,100 12,100  B.t.u. 

Heat  equivalent  of  1  brake-horse- 
power hour 2,515  B.t.u. 

Heat  efficiency  of  engine  2,545  -r- 

12,100  = 21  per  cent 


Heat    supplied    to    engine   per 
brake-horse-power  hour  in  11 
cubic  feet  of  eas 

B.t.u. 
12,100 

Per  cent 
100 

Heat  converted  into  mechanical 

or  useful  energy  (efficiency) . . . 

Heat  absorbed  by  jacket  water. . 

Heat  absorbed  in  friction  with  a 

mechanical  efficiency  of  90  per 

cent. 

2,545  B.t.u.  -^  0.90  X  0.10 

=  283 

2,545 
5,082 

283 
4,190 

21.0 
42.0 

2.3 

Heat  dischai^ed  in  hot  exhaust 
gases  and  losses  due  to  radia^ 
tion  and  incomplete  combus- 
tion  

34.7 

Total 

12,100 

100.0 

a  safe  working  temperature.  This  cooling 
water  may  enter  the  cylinder  at  a  probable 
temperature  of  60  degrees,  and  in  practice  is 
drawn  off  at  about  100  to  120  degrees.  It  is 
tetter,  however,  for  gas  consumption  to 
Daaintain  a  higher  jacket  temperature.  I  have 
increased  the  horse  power  of  a  factory  gas 
engine  11  per  cent  by  maintaining  a  tem- 


j^T^vzTr  WtTreen  170  asd  190  d^rees.  The 
pr:&ot:cat*il:iy  of  this  measnre  depends  large- 
^r  niwi'Z.  Tl-e  ^iesign  of  the  engine,  although 
llr-  Orj-C'sit  of  impurities  from  the  water 
nlzL^  in  s-:»me  cas^rs  cause  trouhle.  In  ex- 
j"eriiiit-i:tii:£r  on  another  make  of  engine  no 
iner^^s^  of  p«ower  was  gained,  for  the  evident 
i>E^s<»n  thai  in  that  i>articular  case  the  gas 
inlei  va:ve  also  became  heated,  thus  increas- 
ing ihr  specific  volume  of  the  gas  so  that  the 
cylindt-r  receive*!  a  less  weight  of  fuel  per 
stroke,  ani  so  offsetting  the  gain  that  could 
othersvise  Lave  been  expected. 

Furtliemivre,  in  factorv  work  it  is  usual  to 
provi.le  an  overabundant  supply  of  cooling 
watvr  to  prevent  possible  trouble.  This  could 
be  managt**!  by  automatic  regulation  of  the 
coolincr  water,  but  no  sreat  advance  has  been 
niavie  in  this  direction.  The  warm  jacket 
water,  even  at  the  usual  moderate  tempera- 
tures, may  howevi-r  be  used  for  heating  pur- 
poses and  this  is  sometimes  done.  But  since 
it  is  about  ICK)  deirrees  below  the  temperature 
of  exhaust  steam,  a  relatively  large  heating 
surface  must  be  employed  to  obtain  good  ef- 
ficiency. With  a  properly  worked-out  heat- 
inir  system  a  considerable  fraction  of  the 
jacket-water  loss  may  be  reclaimed  and  cred- 
ited to  the  gas-engine's  efficiency  if  condi- 
tions admit  of  such  a  plan. 
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The  remaining  large  waste  is  the  last  item 
in  the  preceding  analysis.    By  far  the  great- 
est portion  of  this,  in  all  prohably  30  per 
cent,  may  be  accounted  for  by  the  heat  car- 
ried out  in  the  exhaust  gases.     This  heat 
may  be  partially  conserved  by  the  use  of  a 
heater  or  low-pressure  boiler  through  which 
the  engine  exhaust  is  made  to  circulate,  thus 
pving  up  heat  to  raise  the  temperature  of 
the  contained  water  or  to  produce  a  limited 
amount  of  low-pressure  steam  which  may  be 
utilized  in  any  convenient  manner.    Various 
proposed  plans  have  included  hot-water  or 
steam  heating,  and  even  the  propulsion  of  a 
condensing  steam  turbine  by  means  of  the 
steam  resulting  from  the  hot  exhaust  gases. 
But  this  matter  of  heat  reclamation  as  per- 
taining io  the  internal-combustion  engine  is 
neither  so  simple  nor  so  widely  practised 
as  m  the  case  of  the  steam  engine  whose  ex- 
haust is  so  readily  and  effectively  applied  to 
heating  purposes.    Practically  all  the  waste 
heat  from  the  steam  engine  is  discharged 
through  the  exhaust  pipe  and  is  contained  in 
^6  form  only,  whereas  the  gas  engine  wastes 
its  heat  both  through  its  exhaust  pipe  in  the 

• 

inconvenient  form  of  hot  gases,  and  also 
through  its  cylinder  walls,  appearing  in  the 
fonn  of  warm  water  usually  of  insufficient 
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temperature  to  be  especially  suitable  for 
heating  purposes. 

'* Producer  gas**  is  made  from  coal  sup- 
plied to  a  special  retort  or  producer  in  which 
a  moderate  temperature  is  maintained.  The 
volatile  gases  of  the  coal  are  iBrst  expelled 
and  collected  in  a  gas  tank.  The  remain- 
ing incandescent  carbon  is  then  treated  with 
steam  to  form  water  gas,  which  mingles  with 
the  volatile  or  *'coal  gas'*  and  the  mixture 
thus  formed  is  known  as  '^producer  gas*'.^ 

The  process  of  making  this  gas  is  not  per- 
fect. The  losses  are  principally  due  to  radi- 
ation of  heat,  unused  carbon  discharged  in 
the  ash,  the  presence  in  the  gas  of  surplus 
oxygen,  and  the  formation  of  CO2.  The  re- 
sult is  that  the  gas  produced  contains  only 
about  80  per  cent  of  the  heat  value  of  the 
coal  used  for  its  production.  Consequently 
an  engine  of  20  per  cent  efficiency  using  gas 
from  such  a  producer  will  give  an  over-all 
efficiency  of  0.20  X  0.80  =  16  per  cent,  as  be- 
fore stated.  That  is,  16  per  cent  of  the  heat 
in  the  coal  will  have  been  converted  into  use- 
ful mechanical  work  and  the  total  loss  will 
have  been  84  per  cent. 

1  Producer  Gas:  The  volatile  portion  of  the  coal  is  made  up  of  hydro- 
carbon gasea,  largoly  CII4  and  similar  groups.  The  water  gas  conaiBts  of 
CO  and  Ht,  the  reaction  being  C  +  HjO  =  CO  •+-  Ht.  A  certain  unavoid- 
able percentage  of  COi  and  O  dilutes  the  gaaes  and  reduces  their  heating 
value. 
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A  producer-gas  plant  that  develops  an  ac- 
tual horse  power  per  hour  for  one  pound  of 
coal  under  operating  conditions  is  doing  very 
fair  work,^ 

The   fuel   economy   of   the   producer-gas 
plant  has  had  a  very  desirable  effect  on  de- 
signers and  manufacturers  of  steam  equip- 
ment.   The  Germans  have  made  great  prog- 
ress in  the  development  of  small-sized  steam 
plants  which  have  been  given  the  name  of 
*' Locomobiles".     These  are  now  manufac- 
tured in  the  United  States.    Such  an  equip- 
ment  consists    of    a    well-designed    engine 
mounted  directly  on  top  of  an  internally  fired 
boiler  with  provision  for  highly  superheat- 
ing the  steam.    To  reduce  cylinder  conden- 
sation the  engine  cylinders  are  continually 
bathed  in  the  hot  chimney  gases  discharged 
from  the  boiler.     There  is  practically  no 
steam  piping  between  engine  and  boiler,  and 
every  detail  is  so  arranged  as  to  concentrate 
and  conserve  to  the  greatest  possible   ex- 
tent the  heat  involved.    The  result  is  that  a 
horse  power  per  hour  has  been  produced  for 
approximately  one  pound  of  coal,  thus  prac- 
tically equalling  the  producer-gas  equipment 
in  fuel  economy. 
In  the  large  refined  central  station  of  re- 


r 


*  If  the  coal  used  has  a  calorific  value  of  13.000  B.t.u.  per  pound,  the 
o»w-all  efficiency  in  this  caae  is  2,545  -J-  13,000  =  19.6  per  cent. 
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cent  design  it  is  also  possible  to  generate 
a  horse-power  hour  of  energy  for  close  to  a 
pound  of  good  coal,  so  that  when  the  most 
highly  developed  types  of  each  are  consid- 
ered the  internal-combustion  engine  cannot 
show  any  marked  saving  in  fuel  over  the 
economy  of  the  steam  engine.  In  factory 
work  the  question  of  heating  is  important, 
and  in  this  field  the  steam  engine  is  highly 
adaptable.  But  each  problem  must  be  sep- 
arately analyzed  and  decided  in  accordance 
with  its  local  conditions,  and  first  cost  and 
reliability  must  be  considered. 

Before  leaving  the  engine-room  depart- 
ment of  our  investigation  the  reader  would 
perhaps  feel  disappointed  if  some  reference 
were  not  made  to  the  present  rivalry  which 
in  a  certain  way  exists  between  the  recipro- 
cating steam  engine  and  the  steam  turbine. 
A  few  years  ago  there  was  a  prevalent 
opinion,  based  on  the  performances  then  ob- 
tained, that  in  general  the  reciprocating  en- 
gine was  the  more  efficient  for  high  steam 
pressures  and  that  the  turbine  gave  the  bet- 
ter results  on  low  pressures.  It  was  also  an 
opinion  of  the  times  that  in  sizes  under  about 
1,000  kilowatts  the  engine  would  give  higher 
efficiency  tlian  the  turbine.  While  it  is  still 
true  that  there  are  intrinsic  reasons  why  the 
turbine  is  more  efficient  on  low  pressures,  yet 
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the  turbine  has  made  such  rapid  improve- 
ment in  design  during  the  last  five  to  seven 
years  that  its  position  relative  to  the  recipro- 
cating engine  has  considerably  altered.     It 
is  now  possible  to  equal  engine  efficiency  in 
turbines  of  500-kilowatts  capacity  and  even 
considerably  less.     In  the  very  small  sizes, 
i.  e.,  from  30  to  100  kilowatts,  especially  non- 
condensing,  the  engine  has  the  advantage  in 
steam  economy.    Owing  to  the  continual  ad- 
vance in  steam  turbines,  improvements  in  re- 
ducing gears,    smaller   floor-space   require- 
ments, absence  of  oil  in  exhaust  steam,  etc., 
it  is  not  always  possible  to  decide  a  case  of 
engine  versus  turbine  on  a  small  difference 
in  fuel  consumption  alone,  especially  in  the 
moderate  sizes.    Again  it  is  necessary  to  re- 
fer back  to  local  conditions  of  operation.  For 
instance,  if  all  our  exhaust  steam  were  to  be 
utilized  in  any  case,  a  few  pounds  greater 
consumption  on  the  part  of  the  turbine  would 
make  no  economic  difference.    On  the  other 
hand,  if  coal  were  dear,  condensing  imprac- 
ticable, and  sufficient  heating  requirements 
^ere  unavailable  for  utilization  of  the  ex- 
haust steam  (considering  moderate  or  small 
size  of  unit)  the  steam  engine  w^ould  win  the 
case,  other  things  being  equal.    Since  condi- 
tions of  operation  including  steam  pressure, 
superheat,  condensing  facilities,  size  of  unit, 
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cost  of  fuel,  heating  requirements,  etc.,  so 
largely  govern  the  selection  of  prime  mover, 
it  is  safer  to  make  no  further  statements  than 
those  already  indicated. 

We  have  yet  to  consider  the  water  turbine 
as  a  factor  in  our  engine  problem.  In  only 
limited  localities  are  factories  able  to  make 
direct  use  of  the  water  turbine,  the  modern 
development  of  one  type  of  the  old-time  mill 
wheel.  In  most  cases,  however,  the  water 
turbine  has  only  to  be  considered  indirectly 
as  a  means  for  the  production  of  **  outside 
power"  for  sale  by  electric  power  companies. 
Incidentally  a  modern  water  wheel  or  turbine 
ranges  in  eflBciency  from  about  70  to  90  per 
cent.  That  is  to  say,  in  the  latter  case  only 
10  per  cent  of  the  energy  in  the  falling  water 
would  be  misspent  or  wasted.  In  many  sec- 
tions of  the  country  the  question  of  the  value 
of  purchasing  power  from  an  outside  source 
as  opposed  to  the  production  of  power  in  the 
industrial  plant  itself  constitutes  a  problem 
of  growing  importance.  Such  outside  power 
may  be  generated  hydraulically,  or  by  water 
power  combined  with  an  auxiliary  steam 
plant,  or  by  a  steam  plant  alone.  The  method 
of  determining  its  value  to  the  factory  owner 
will  be  the  same  in  any  of  these  cases,  pro- 
viding the  factor  of  reliability  is  always 
equal. 
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Local  factory  conditions  so  vitally  affect 
the  cost  at  which  power  may  be  produced 
that  without  an  individual  investigation  it  is 
impossible  to  state  whether  a  plant  would 
reduce  or  increase  its  expenses  by  purchas- 
ing outside  power  at  any  proposed  rate.  The 
two  most  important  of  these  factors  are :  1, 
possible  use  for  exhaust  steam  for  heating 
or  process  work  as  compared  to  steam  re- 
quired for  power  production  j  and  2,  cost  and 
quality  of  coal  available. 

Knowledge  of  the  first  factor  must  be  thor- 
ough. It  must  be  determined  how  much  ex- 
haust steam  under  improved  conditions  can 
be  used  at  all  seasons  of  the  year  for  both 
the  day  and  night  runs.  The  amount  of  live 
steam  demanded  by  the  engine  must  be  simi- 
larly determined.  Only  by  this  means  will 
it  be  possible  to  learn  the  true  average  cost 
of  power.  The  necessity  of  this  measure 
will  be  understood  by  reference  to  our  fore- 
going discussion  on  the  value  of  exhaust 
steam  for  heating  as  compared  to  live  steam. 

In  order  to  demonstrate  this  relation  to 
the  owners  I  once  shut  down  all  the  engines 
in  a  large  plant  and  continued  the  heating 
with  live  steam.  (The  exhaust  steam  from 
the  engines  had  previously  supplied  the  heat- 
ing system.)  They  were  astounded  to  find 
that  the  same  quantity  of  fuel  was  burned 


150  PREVEXTIXO  POWER-PLAXT  LOSSES 

with  the  engines  all  stopped  and  the  boilers 
carrj'ing  the  heating  load  only.  If  outside 
power  had  been  installed  for  the  machinery 
no  saving  in  coal  would  have  resulted!. 

When  the  heating  accomplished  by  the  ex- 
haust steam  is  deducted  from  the  fuel  re- 
quired to  operate  the  engines,  the  balance 
only  is  chargeable  to  power,  and  such  is  the 
method  required  in  order  to  obtain  a  true 
and  fair  comparison  of  the  cost  of  operation 
with  purchased  power  for  running  the  ma- 
chinery and  with  boilers  reserved  for  heat- 
ing. 

A  certain  part  and  sometimes  all  of  the 
boiler  plant  will  be  needed  for  heating  even 
when  outside  power  is  used.  The  fixed  and 
operating  charges  on  this  portion  of  the 
boiler  plant  are  therefore  directly  charge- 
able to  the  heating  system  and  not  to  the  en- 
gine plant  in  estimating  power  costs.  When 
the  true  cost  of  power  per  kilowatt  hour  (on 
the  switchboard)  has  been  worked  out  for 
conditions  as  found,  it  then  becomes  neces- 
sary to  determine  what  this  cost  would  be  if 
the  |:>lant  wore  improved  and  all  preventable 
waste  reclaimed.  This  improved  or  possible 
power  cost  is  based  upon  the  comi)lete  data 
obtained  in  the  boiler  and  engine-plant  sec- 
tions of  our  investigation  thus  far  outlined, 
with  due  reference  to  the  heating-system  ex- 
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amination  which  will  he  discassed  in  the  fol- 
lowing chapter. 

Assume  now  that  the  possible  cost  per  kilo- 
watt hour  has  been  determined,  including  all 
charges  for  recommended  changes.    This  cost 
is  not  directly  comparable  to  the  kilowatt- 
honr  cost  as  quoted  by  the  electric-power 
company.     To  the  latter 's  figure  must  be 
added  the  charge  per  kilowatt  hour  of  that 
part  of  the  time  of  the  factory  engineer  and 
assistants    which    is    chargeable    to    power 
alone  since  their  services  are  not  eliminated 
by  the  use  of  outside  power.     This  point  is 
usually  overlooked,  and  as  it  often  makes  a 
marked  increase  in  the  true  cost  of  the  pur- 
chased power  it  is  not  usually  mentioned  by 
its  promoters.     This  subject  of  central-sta- 
tion current  will  be  treated  more  fully  in  a 
later  chapter. 

The  engine  room  of  every  factory  should 
be  equipped  with  a  simple  system  of  daily  re- 
ports designed  to  meet  the  conditions  of  tlu^ 
plant.  Duplicate  copies  covering  the  last 
twenty-four  hours  should  be  filed  each  morn- 
ing in  the  office  of  the  manager  and  in  the 
records  of  the  operating  engineer.  A  sample 
of  a  report  blank  made  for  the  requirements 
of  a  client  is  shown  in  Fig.  10.  The  results 
to  be  obtained  by  the  use  of  such  a  system 
are: 
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1.  The  establishment  of  an  intelligent  and 
economic  relation  between  the  management 
and  chief  engineer. 
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2.  A  working  knowledge  of  the  plant  that 
wv>uM  iH>t  otherwise  be  obtained,  including  a 
'iioans  for  estimating  the  cost  of  power. 

,^    Tho  computation  of  the  efficiency  of  the 
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engine  plant  (the  boiler  plant  being  already 
under  a   system  described  in  Chapter  III). 
4.  Where  the  engines  have  been  individual- 
ly tested,  the  amount  of  live  steam  required 
for  heating  and  process  work  may  be  calcu- 

latecL 

This  record  blank  is  in  use  in  an  electrical- 
ly operated  plant,  but  it  can  be  modified  for 
belt-driven  practice. 

During  the  investigation  of  the  plant  tlio 
engines  v^ere  individually  tested  for  steam 
and  fuel  consumption  per  horse-power  and 
kilow^att  hour.  The  kilowatt  hours  are  ob- 
tained daily,  and  this  information  combined 
with  the  evaporation  record  of  the  boilor 
plant  enables  the  engineer  to  compute  just 
what  portion  of  the  total  steam  produced  is 
used  for  pumps  and  live-steam  heating. 


Chapteb  vn 

THE  HEATING  SYSTEM 

A  GREAT  waste  of  steam  and  fuel  in  man- 
-^^  ufacturing  plants  is  directly  charge* 
able  to  inefficient  heating  systems.  To  most 
lay  minds  the  term  **  steam  heating' '  affords 
merely  a  picture  of  radiators  or  pipe  coils, 
having  connections  for  steam  and  drip  lines, 
with  possibly  a  supplementary  idea  that  if 
the  condensed  steam  is  returned  to  the  boiler 
the  efficiency  will  be  high  and  that  there  the 
matter  ends.  * 

If  it  truly  ended  so  simply  and  happily 
there  would  be  no  excuse  for  the  present  dis- 
cussion. As  a  matter  of  fact,  however,  I 
have  found  heating  systems  using  three 
pounds  ^  of  steam  where  one  pound  would 
have  accomplished  the  same  result.  In  other 
cases  I  have  discovered  heating  arrange- 
ments intended  for  exhaust  steam  so  badly 
designed  that  costly  live  steam  had  to  be  used 

^  The  term  "  pounds "  rcfcra  not  to  stb&m  preflaure  but  to  ifdipM  of 
steam  used. 
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instead,  while  more  than  enough   exhaust 
steam  to  heat  the  entire  plant  was  being 
wastefully  blown  out  of  the  relief  valve.    It 
is  from  such  cases  as  this  that  the  uniniti- 
ated have  formed  the  opinion  (and  it  is  hard 
to  dislodge)  that  live  or  high-pressure  steam 
is  far  superior  to  exhaust  steam  for  heating 
purposes. 

It  was  shown  in  Chapter  IV  that  the  ex- 
haust steam  from  a  Corliss  engine  working 
under  ordinary  factory  conditions  contained 
92.7  per  cent  of  the  heat  present  in  the  live 
steam  at  101.3-pounds  gauge  pressure,  and 
that  the  engine  absorbed  only  7.3  per  cent 
of  the  heat  contained  in  the  original  steam. 
A  more  striking  comparison  is  tliat  between 
the  heating  values  of  high-  and  low-pressure 
steam  without  regard  to  the  action  of  an  en- 
gine. The  following  table  gives  the  desired 
figures: — 

Heat  above  60  degrees  in  1  pound  of 
steam  at  101.3-pounds  gauge  pres- 
sure  : — 1,161  B.t.u. 

H^t  above  60  degrees  in  1  pound  of 

steam  at  5.3-pounds  gauge  pressure. — 1,128  B.t.u. 

Heat  above  60  degrees  in  1  pound  of 

steam  at  0-pounds  gauge  pressure.  . — 1,122  B.t.u. 

Heat  above  60  degrees  in  1  pound  of 
exhaust  steam,  including  5  per  cent 
moisture  at  5.3-pounds  gauge  pres- 
sure, from  example  of  engine  in 
Chapter  IV —1,076  B.t.u. 
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From  this  we  may  see  that  a  pound  of 
steam  at  zero  gauge  or  atmospheric  pres- 
sure contains  within  S%  per  cent  as  mnoli 
heat  as  the  same  weight  of  steam  at  10L3- 
ponnds  pressure. 

A  board  of  directors  found  it  difficult  to 
believe  that  exhaust  steam  from  the  engines 
could  actually  accomplish  about  90  per  cent 
as  much  heating  as  live  steam  direct  from 
the  boilers.  They  asked  me  if  it  were  true. 
that  a  producer-gas  engine  could  produce  a. 
horse-power  hour  from  a  pound  of  coaL  To  ] 
this  I  answered  "Yes.**  Their  next  ques- 
tion was,  **How  much  coal  per  horse-ppwer 
hour  do  our  present  (old  slide-valve)  en- 
gines require ! '  ^  I  stated  this  amount  to  b© 
between  5  and  7  pounds.  '*Why  then,'^  they 
demanded,  *  *  can  we  not  make  our  power  with 
a  gas  producer  and  save  4  to  6  pounds  of 
coal  per  horse-power  hourf  I  reminded 
them  that  all  the  exhaust  steam  was  being 
used,  and  that  even  if  they  eliminated  all  the 
steam  engines  they  would  still  have  to  bum 
about  90  per  cent  as  much  fuel  to  make  suf- 
ficient live  steam  for  the  heating  require- 
ments alone.  In  addition  to  this  there  would 
be  the  coal  consumed  by  the  producer  equip- 
ment, and  no  saving  would  result. 

This  did  not  appeal  to  them,  so  I  planned  a 
demonstration  which  proved  to  be  convinc- 
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ing.  (This  was  briefly  referred  to  in  the  last 
chapter.)  I  shut  down  every  engine  in  the 
plant  and  weighed  the  fuel  to  the  boilers 
whose  load  was  heating  only.  The  result  was 
that  no  perceptible  difference  in  fuel  con- 
sumption was  noted,  much  to  the  surprise  of 
the  interested  officials.  Needless  to  say,  ex- 
haust steam  was  respectfully  given  its  true 
monetary  value  after  that  occasion,  and  the 
old  slide-valve  engines  held  sway  as  long  as 
there  was  abundant  use  for  the  discharge  of 
their  exhaust. 

This  illustration  demonstrates  the  im- 
portance of  providing  a  heating  system  tliat 
will  make  efficient  use  of  exhaust  steam,  since 
each  pound  so  used  reduces  the  otherwise 
necessary  boiler  steam  by  nearly  a  liko 
amount.  In  fact,  cases  have  been  reported 
where  more  fuel  was  required  to  heat  a  plant 
with  the  engines  shut  down  than  with  tlie  en- 
gines running  under  full  load  while  heating 
the  building  with  their  exhaust  steam.  Tliis 
may  be  explained  (in  case  pressure  is  used) 
hy  a  consequent  increase  in  the  heat  dis- 
charged by  the  radiators,  as  will  be  later 
discussed.  Under  these  circumstances,  as  far 
as  fuel  is  concerned,  the  power  obtained  is 

a  pure  by-product  of  the  operation  of  heat- 
ing. 

Heating  efficiency  is  defined  by  the  same 
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formula  as  that  used  in  boiler  and  engine 
testing.  It  is  output  divided  by  or  compared 
to  input.  The  input  is  the  total  heat  in  the 
steam  delivered  to  the  system,  and  the  out- 
put is  the  heat  which  is  usefully  applied. 

For  illustration,  let  us  examine  the  ease 
of  a  single  radiator  which  receives  steam  at 
1.3  pounds  above  atmospheric  pressure,  all 
the  steam  being  condensed  in  the  radiator, 
which  discharges  its  water  at  atmospheric 
pressure  and  at  a  temperature  of  211  de- 
grees.   We  then  have  the  following  figures: 

Input  per  pound  of  steam 1,152  B.t.u,* 

Discharge  per  pound  of  steam 179  B.t.u. 

Useful  output,  or  radiation  per  pound  of 

steam 973   B.t.u. 

Efficiency  =  Output  -^  Input  =  973  ^  1,152 
■=  84.4  per  cent. 

Thus  84.4  per  cent  of  the  total  heat  in  the 
steam  has  been  converted  into  useful  radia- 
tion. The  drip  contains  the  balance,  that  is, 
15.6  per  cent  of  the  original  input.  Now  if 
this  drip  could  be  returned  to  the  boiler  with- 
out loss  of  temperature,  as  compared  to  feed- 
ing the  boiler  with  water  at  32  degrees,  we 
should  reduce  the  coat  bill  about  15.6  per  cent. 
In  this  event,  should  we  credit  to  the  heat- 
ing system  the  heat  made  iiseful  by  its  return 
to  the  boiler,  our  overall  boating  effici 
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would   approximate   100  per  cent,  barring 

losses  in  steam  and  drip  piping. 
This  illustrates  maximum  heating  efficiency 

for  low-pressure  systems  operating  on  close 

to  atmospheric  pressure.  Such  a  system  is 
highly  effective  for  exhaust-steam  heating, 
since  the  horse-power  and  steam  consump- 
tion of  the  engine  are  not  materially  affected 
by  this  low  back-pressure. 

If  it  were  practicable  to  hold  the  hot  water 
of  condensation  in  the  radiator  until  its  tem- 
perature was  further  reduced  the  efficiency 
of  the  radiator  would  be  increased.  On  the 
other  hand,  the  heat  in  the  returns  to  the 
boiler  would  be  correspondingly  reduced. 

It  is  almost  needless  to  state  that  all  hot 
drips  from  a  heating  system  should  be  re- 
turned to  the  boiler.  The  foregoing  exam- 
ple illustrates  the  effect  on  the  coal  bill  of 
returning  the  drips  when  all  the  boiler  steam 
is  directly  applied  for  heating  purposes.  If 
only  a  fraction  of  the  total  live  steam  pro- 
duced is  used  for  heating,  then  the  fuel  sav- 
^^  effected  vnll  he  proportionally  reduced. 
Thus  in  the  above  case,  if  a  condensing  en- 
gine required  one-half  of  the  boiler  steam, 
then  the  returns  of  all  the  drips  of  the  heat- 

• 

ing  system  would  amount  to  only  7.8  per 
cent,  instead  of  15.6  per  cent,  of  the  heat  in 
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the  original  boiler  steam,  and  a  correspond- 
ing  part  of  the  ooaL 

The  element  of  time  enters  importantly 
into  such  calculations.  Thns  in  this  last  case, 
if  heating  is  discontinued  in  the  warm 
months,  the  return  of  the  drips  will  affect  the 
yearly  coal  consumption  to  a  still  less  degree, 
and  computations  of  savings  must  be  made  to 
suit  the  exact  conditions  of  operation  apply- 
ing to  the  case  under  consideration. 

A  conmion  error  among  plant  owners  is  to 
ascribe  undue  economy  to  the  heat  that  may 
be  carried  in  water  resulting  from  the  con- 
densation of  steam.  They  conversely  greatly 
under-estimate  the  heat  carried  in  exhaust 
steam.  As  a  matter  of  fact  the  heat-  in  a 
pound  of  water  at  212  degrees  is  only  180 
British  thermal  units  reckoned  above  the 
f reeezing  point ;  whereas  in  a  pound  of  steam 
at  the  same  temperature  the  heat  units  num- 
ber 1,150.  Hence  if  this  steam  is  condensed 
in  a  radiator  it  gives  out  970  heat  units,  and 
the  drip  will  contain  180  heat  units.  Never^ 
theless  I  have  found  the  management  veiy 
anxious  about  correcting  the  loss  due  to  a  few 
escaping  drips,  while  at  the  same  time  large 
quantities  of  uncondensed  exhaust  steam 
were  blowing  away  almost  unnoticed.  Pound 
for  pound,  the  waste  which  attracted  the 
manager's  attention  was  equal  to  less  than. 
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one-fifth  of  the  heat  being  carried  away  in 

the  disregarded  exhaust  steam. 
This  is  a  good  thing  to  remember,  and  it 

will  stand  twice  telling: — Utilization  of  the 
exhaust  steam  saves  five  times  as  much  coal 
as  the  return  of  an  equal  weight  of  hot  drips 
to  the  boiler. 

I  do  not  intend  to  reduce  the  proper  em- 
phasis on  the  value  of  conserving  hot  drips, 
but  I  do  desire  to  present  the  various  phases 
of  the  power  problem  in  their  true  relation 
to  each  other ;  for  only  in  the  light  of  such  an 
understanding  will  industrial  power  users 
eventually  be  enabled  to  place  their  plants 
on  a  basis  of  high  economy. 

The  efficiency  of  radiating  surface  is  quite* 
another  thing  from  the  efficiency  of  the  pro- 
cess of  heating.  The  former  use  is  an  un- 
fortunate application  of  the  same  term,  and 
indicates  the  rate  of  heating  rather  than  true 
efficiency.  Thus  if  a  radiator  or  heating  coil 
is  so  constructed  as  to  impart  to  the  air  or 
liquid  say  426  B.t.u.  per  hour  for  each  square} 
foot  of  its  surface,  it  is  said  to  have  a  higher 
efficiency  than  one  which  gives  out  only  300 
B.lu.  per  square  foot.  This  *  *  rate  efficiency ' ' 
is  used  to  determine  how  many  square  foot  of 
heating  surface  will  be  required  to  w^arm  a 
building  or  to  perform  a  given  amount  of 
radiation.    It  has  therefore  no  fixed  rela- 
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tion  to  the  waste  or  conservation  of  the  heat 
in  the  steam. 

A  comparison  has  been  made  to  show  the 
relative  heating  values  of  high-  and  low-pres- 
sure steam.  It  was  seen  that  steam  at  atmos- 
pheric pressure  contains  within  Sy^  per  cent 
as  much  heat  as  at  101.3-pounds  pressure. 
There  are,  however,  two  factors  which  should 
be  considered  before  attempting  the  substi- 
tution of  low-  for  high-pressure  steam.  Other 
things  being  equal,  more  radiating  surface  is 
needed  for  the  low-pressure  steam.  This  is 
because  the  rapidity  with  which  tlie  heat  is 
given  off  is  proportional  to  the  difference  in 
temperatures  existing  between  the  steam  in 
the  radiator  and  the  surrounding  air  or 
liquid.  A  square  foot  of  direct  heating  sur- 
face will  transmit  to  still  air  about  1.8  ^  B.t.u. 
in  an  hour  for  each  degree  difference  in  tem- 
perature between  the  air  and  the  steam  when 
that  difference  is  about  142  degrees. 

Let  us  see  the  effect  that  would  be  pro- 

1  The  coeflBcient  of  radiation  1.8  increases  gradually  aa  the  temperature 
difference  increases.    Fair  values  for  the  above  example  are  as  follows: 

Steam  pressure,  Gauge  Temp.  Temp.  Air  Temp.  Diff.  Coefficient 

pounds  Steam 

101.3  339                70                  260                   2.30 

20  259                 70                   189                    1.08 

0  212                 70                   142                    1.80 

For  a  given  temperature-difference  the  coefficient  also  varies  with  th« 
design  of  the  radiator  or  heating  coil.  One  cause  of  this  is  the  interference 
of  neasby  pipes  or  sections.  Sec  Carpenter's  "Heating  and  VentilatinK 
Buildings." 
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duced  on   the  heating  of  a  building  from 
changing  the  pressure  of  steam  in  the  radia- 
tors.   Assuming  the  temperature  of  the  air  to 
be  70  degrees  and  selecting  the  correct  co- 
efficients from  the  footnote,  we  shall  find 
that  a  square  foot  of  surface  will  radiate 
in  an  hour : 

255  heat  units  with  0  lb.  steam  pressure 
374  heat  units  with  20  lb.  steam  pressure 
618  heat  units  with  101 .3  lb.  steam  pressure 

From  the  above  it  would  appear  that  with 
a  given  amount  of  radiating  surface,  steam 
at  atmosplieric  pressure  would  give  only 
about  68  per  cent  of  the  heating  effect  to  be 
derived  from  steam  at  20  pounds.  In  actual 
practice,  however,  I  have  substituted  the 
lower  for  the  higher  pressure  and  at  the 
same  time  increased  the  heating  effect  from 
the  radiators.  This  apparent  discrepancy 
between  theory  and  practice  may  be  ex- 
plained by  the  fact  that  the  former  system 
was  poorly  designed.  The  circulation  of  the 
steam  was  imperfect  and  tlie  distribution  of 
heat  to  the  various  departments  of  the  fac- 
tory was  not  uniform,  consecjuently  the  en- 
tire radiating  surface  was  not  effective. 

When  the  low-pressure  exhaust  steam  was 
substituted  certain  changes  were  recommend- 
ed which  so  improved  the  circulation  and 


r.  V       J'.  -Il-PLAXT    LOSSES 


.s:  :l:v  -ri:::r«=-  heating  surface 

TLif  oV.;\:.j:t-  mon^  than  com- 

..V  r'nu-r  ;vlvantafi:o  of  the 


<^  ►•••  '- 


X'    »  • 


X       I 


\      X 

Kx  : 


■■*  -  • 


r. v.  ::.  :l,:s  o;\>v.  >:oam  from  the  boil- 
"  '«:::.'>  -^as  i"-.v--r»-'l  to  20  pounds 
>  .:  a  r'-i-ioii.i:  valvt-  tor  the  heat- 
:..  I:.  T  "ao-  of  this  re^hieinsj:  valve 
::-•:  :i  1"'  ■.••rst-ii»\vfr  non-eondens- 
■vLioh  expandtil  the  steam 
..  s:  "..vr:o  jin-ssure  In-fore  it  was 
:i:::.j:.  T':>.'  power  thus  producetl 
V'-r  ot'Vit  of  it>  l)ocame  a 
-  >t»'am  hfatinir.  This 
:*;  tH'^nhe  h'»r<sr-pniccr 
;  j\  ..r  steam  or  O.:i7o 
'  '•'»  '/>*•>  that  cannot 
'  '.'  f  /(i/'/f  >7  and  most 
I  ir*  r-station  that  it 
■'  •'  ■'?>.  for  an  ideally 
:..•:  rven  approximate 
-  I ^.-.^v.i'inv  could  not  have 
w.  V.  r,  witliout  a  very  care- 
X  \\'.:\\\^i   svstem. 


-^  -  ■  ^ 


.\  • 


r 


^* 


'  Mv'  >iv\vv.il  t;utt»r  r.  ii-rrcd  to  as  demand- 

•v^  sV'xulvMMiiv*!.  Mi\  ii'ii>  to  the  substitution 

»    v'^  V^'^^^^iii**'  ^**^'  Liiri;  l>n'ssun»  heating  is 

«fc   otv^jilUMi  of  tfiiipiTaturt'. 

'"^'iv  is  !io  riinil  as  to  ihi'  amount  of  heat- 

fe^o^^^  v\in  he  aiVO!npli>hed  hy  an  adequate 


TSB  HEATING  BTSTEM  165 

supply  of  exhaust  or  low-pressure  steam,  but 
since  its  temperature  is  lower  than  that  of 
steam  under  pressure  there  is  a  limit  as  to 
the  temperature  obtainable  by  its  use.    For 
all  ordinary  heating  of  buildings,  however, 
exhaust  steam  will  give  as  high  a  tempera- 
ture to  the  air  as  may  be  desired,  and  cases 
of  dry  rooms  may  be  quoted  where  a  tem- 
perature of  150  to  170  degrees  is  maintained 
with  exhaust  steam.    We  may  remind  our- 
selves also  that  exhaust  steam  in  a  properly 
designed  feed-water  heater   will  bring  the 
temperature  of  the  water  to  within  about  5 
degrees   (or  less)   of  its  own  temperature. 
For  instance,  with  the  steam  at  atmospheric 
pressure  and  having  a  temperature  of  212 
d^ees,  we  may  expect  to  secure  feed  water 
at  about  207  degrees. 

Heat  cannot  flow  from  a  colder  to  a  warmer 
body.  Consequently  the  degree  of  heating 
possible  is  limited  by  the  temperature  of  the 
steam  used.  Thus  steani  at  2.3-pounds  pres- 
sure (temperature  219  degrees)  could  not  un- 
der perfect  conditions  produce  a  tempera- 
ture of  over  219  degrees  in  the  surrounding 
air  or  liquid,  whereas  steam  at  101.3-pounds 
pressure  under  ideal  conditions  would  raise 
the  surrounding  medium  to  its  own  tempera- 
ture of  339  degrees.  There  are  therefore  cer- 
tain applications  where  it  is  necessary  to 
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heat  with  high-pressure  steam  in  order  to 
obtain  the  higher  range  of  temperatures. 

Before  proceedings  and  in  close  connec- 
tion with  the  above  points,  it  may  be  well  for 
some  of  us  to  clarify  our  minds  in  regard 
to  the  difference  between  temperature  £uad 
heat.  Temperature  is  the  measure  of  the 
intensity,  or  degree  of  heat.  The  heat  unit 
or  B.t.u.  measures  the  quantity.  For  exam- 
ple, we  may  have  two  different  weights  of 
water  at  the  same  temperature  of,  say,  200 
degrees.  Although  the  intensity  of  heat  is 
the  same  in  each  case,  if  the  one  mass  of 
water  weighs  10  pounds  and  the  other  20 
pounds,  the  latter  represents  double  the 
amount  of  heat  of  the  former.  Thus  tem- 
perature alone  is  no  measure  of  heat,  any 
more  than  pressure  is  a  measure  of  the  quan- 
tity of  steam  generated  in  a  boiler. 

High-pressure  steam  heating  in  the  factory 
is  likely  to  he  less  efficient  than  low-pressure 
heating  when  the  discharge  of  the  radiator 
is  controlled  by  the  usual  steam  trap.  Ef- 
ficiency is  here  considered  in  the  true  sense. 
If  the  high-pressure  drip  is  directly  fed  to 
the  boilers  by  means  of  the  return  type  of 
trap,  then  the  high-pressure  may  be  as  ef- 
ficient as  the  low-pressure  system,  provid- 
ing air  binding  is  eliminated.  The  objection 
to  this  method  is  that  the  boiler-feed  water 
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js  introauced  by  two  separate  means  (the 
return  trap  and  the  feed  pump)  and  this  in- 
terferes with  its  correct  and  convenient 
measurement  for  the  daily  records  that  are 
so  essential  to  the  eflScient  operation  of  the 
boiler  plant. 

The  object  of  a  trap  is  to  permit  the  dis- 
charge of  water  condensed  from  the  steam 
and  to  prevent  the  escape  of  all  uncondensed 
steam.    An  efficient  trap  also  provides  for 
the  release  of  air  from  the  radiator.    If  it 
fails  in  this  last  respect  the  circulation  of 
the  steam  is  blocked  and  a  portion  or  all  of 
the  heating  surface  becomes  ineffective.    The 
make-up  water  supplied  to  the  boiler  con- 
tains air  which  is  conveyed  with  the  steam  to 
tiie  heating  coils.    The  steam  condenses  and 
is  discharged  by  the  trap  as  water,  but  un- 
less special  provision  is  made  the  air  accu- 
mulates in  the  radiator  until  the  passage  or 
entrance  of  the  steam  is  prevented,  thus  chok- 
ing the  system.     It  is  this  action  of  badly 
designed  systems  that  has  led  to  the  errone- 
ous belief  that  to  secure  proper  heating  it 

• 

is  necessary  to  use  pressure  and  to  **blow" 
steam  through  the  radiator  uncondensed. 
Each  pound  of  steam  blown  out  in  this  man- 
ner represents  a  loss  of  100  jier  cent  of  its 
available  heating  value,  hence  the  wasteful- 
ness of  this  useless  procedure.    Of  course  its 
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practice  does  result  in  driving  the  air  out 
of  the  system,  but  it  does  so  at  the  expense 
of  an  excessively  heavy  consumption  of 
steam  and  fuel,  and  it  is  quite  unnecessary 
if  the  heating  plant  is  correctly  laid  out  and 
specified. 

The  reason  why  heating  with  steam  at  a 
higher  pressure  is  less  efficient  than  with 
steam  at  atmospheric  pressure  (or  there- 
about) is  that  in  the  former  case  a  consider- 
able quantity  of  uncondensed  steam  is 
discharged  with  the  water  of  condensation. 
This  statement  applies  to  heating  systems 
equipped  ^\ith  the  usual  types  of  bucket  or 
float  traps  which  allow  the  drips  to  return 
to  a  vented  hot  well  or  receiver  from  which 
they  are  pumped  back  to  the  boilers. 

Even  assuming  that  such  a  trap  is  in  per- 
fect working  order  this  blowing  out  of  live 
steam  will  occur.  The  water  which  accumu- 
lates in  the  trap  has  about  the  same  tempera- 
ture as  the  steam  in  tlie  radiator  to  which 
it  is  connected.  Assume  for  example  that 
the  steam  has  a  pressure  of  20  pounds.  Its 
temperature  will  l)e  about  259  degrees  and 
the  water  discharged  by  the  trap  will  have 
nearly  the  same  temperature.  Hence  when 
it  discharges  to  atmospheric  pressure  it  will 
give  off  steam  until  it  is  cooled  down  to  212 
d(»grees.     In  this  case  the  amount  of  steam 
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** blown  off''  will  be  equivalent  to  57^  heat 
units,  or  about  5  per  cent  of  the  total  heat  in 
the  steam  supplied  to  the  radiator.  The  ac- 
tual weight  of  water  evaporated  is  also  ap- 
proximately 5  per  cent  of  the  weight  of  the 
original  steam.  This  re- evaporated  steam 
finds  reUef  through  the  first  vent  pipe  that 
may  be  provided,  and  is  therefore  wasted. 

In  addition  to  this  item  an  added  and  more 
serious  loss  occurs  with  high-pressure  steam 
heating.  This  is  the  discharge  of  live  steam 
through  the  trap  which  accompanies  the 
water  of  condensation,  and  it  is  due  to  the 
inefficiency  of  the  trap  itself.  I  have  found 
traps  blowing  through  so  much  steam  in  this 
manner  that  the  waste  from  this  cause 
amounted  to  approximately  as  much  heat  as 
was  required  to  heat  the  buildings.  This 
was  due  principally  to  bad  design  of  the 
traps,  and  partially  perhaps  to  the  worn  con- 
dition of  their  mechanism. 

The  higher  the  steam  pressure  the  greater 

1  Calculation  of  loss  by  re-evaporation: — 
One  pound  steam  at  20-pounds  presfiure  contains  1,167  B.t.u.  above  32  deg. 

One  pound  water  at  259  degrees  contains 228  B.t.u.  above  32  deg. 

Odc  pound  water  at  212  degrees  contains 180  B.t.u.  above  32  deg. 

One  pound  steam  at  212  degrees  contains 1,150  B.t.u.  above  32  deg. 

l«t  X  =:  weight  of  water  evaporated  into  steam  at  212  degrees. 

Then  1  —  z  =  weight  of  remaining  water  at  212  degrees. 
1,150  X   +  180  (1  —  X)  =  228  and 
X  =  0.0495  pounds  steam  at  212  degrees. 

Hence  waste  is  0.0495  X  1.150  =  57  B.t.u.  per  pound  of  steam  fed  to 
cadiator. 

This  is  57  -»-  1,167,  or  about  0.049  of  the  heat  in  the  steam  supplied. 
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will  be  the  losses  caused  by  re-evaporation 
in  the  discharge  and  by  the  direct  ^'blowing 
through"  of  uncondensed  live  steanL 

A  low-pressure  system  of  heating  is  there- 
fore more  likely  to  he  economical,  entirely 
aside  from  the  question  of  exhaust  steam. 
But  it  is  necessary  to  point  out  at  this  junc- 
ture that  the  economy  of  low-pressure  heat- 
ing is  not  effected  at  the  boiler.  I  have  found 
superintendents  and  managers  who  had  an 
idea  that  if  they  could  change  a  boiler  from 
high-  to  low-pressure  they  would  produce  a 
direct  saving  in  fuel.  Let  us  remember,  as 
before  stated,  that  it  requires  within  3i^  per 
cent  as  much  heat  to  make  steam  at  0  pounds 
gauge  pressure  as  at  101.3  pounds,  and  the 
fuel  required  in  either  case  is  very  closely 
proportional  to  these  values.  To  be  strictly 
accurate,  the  boiler  operating  at  the  lower 
pressure  would  have  a  lower  temperature, 
so  that  there  would  be  about  127  degrees 
greater  difference  between  the  boiler  and  fuir- 
nace  temperatures,  which  would  tend  toward 
a  slightly  better  absorption  of  heat  from  the 
fire.  The  actual  effect,  however,  would  be  a 
very  small  gain  indeed  and,  practically 
speaking,  insignificant. 

There  is  one  other  point  in  regard  to  pres- 
sure which  deserves  emphasis.  In  many  old- 
fashioned  live-steam  heating  systems  a  high 
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pressure  is  used  where  a  lower  pressure 
would  do  the  work.  In  such  old  systems  the 
traps  are  likely  to  be  poor  and  badly  ar- 
ranged, or  there  may  be  a  conspicuous  ab- 
sence of  traps  at  many  points.  In  these  an- 
tiquated plants  there  is  much  **  blowing 
through '*  of  the  steam.  It  is  obvious,  there- 
fore, that  if  the  initial  pressure  be  made  as 
low  as  possible  the  steam  waste  will  be  re- 
duced accordingly,  for  the  discharge  of  a 
pipe  is  proportional  to  the  pressure.  There- 
fore a  crude  but  paying  improvement  under 
these  rough  conditions  is  the  installation  of 
a  pressure-reducing  valve  between  the  boiler 
and  the  heating  system.  Or  if  no  engines  or 
pumps  are  operated  the  boilers  themselves 
niay  be  nm  at  the  reduced  pressure  if  the 
steam  mains  are  of  suflScient  capacity. 

A  very  conmion  trouble  discovered  in  heat- 
ing systems  is  ineffective  circulation  of  the 
steam  chargeable  to  badly  designed  drip 
lines  from  the  radiators  or  soils.  The  water 
of  condensation  should  be  conveyed  back  to 
the  boiler  room  by  branch  and  main  pipes 
of  adequate  capacity.  These  drip  pipes 
should  have  a  gradual  slope  toward  the  boiler 
plant  so  that  the  water  will  flow  by  gravity 
throughout.  If  there  is  depression  in  the 
line  a  ** pocketing"  will  occur,  drainage  will 
be  incomplete,  and  the  capacity  of  the  re- 
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turn  will  be  reduced.  The  gross  effect  is  the 
choking  of  the  circulation,  necessitating  the 
use  of  pressure  for  its  re-establishment,  and 
this  often  results  in  the  otherwise  unneces- 
sary use  of  live  steam. 

Sufficient  reference  has  been  made  to  the 
re-evaporation  or  discharge  from  the  radi- 
ators of  a  part  of  the  drips  as  steam  to  per- 
mit realization  of  the  fact  that  the  return 
lines  must  be  designed  to  carry  not  only 
water  but  steam  as  well.  Consequently  am- 
ple capacity  of  these  pipe  lines  is  an  essential 
feature  to  efficiency  of  heating  operation. 

This  discussion  on  the  broad  principles  of 
heating  is  merely  by  way  of  introduction  to 
our  investigation  of  this  department  of  the 
factory  power-plant  problem.  AVe  must  here 
remind  ourselves  that  our  **  steam  doctor '* 
has  obtained  the  individual  efficiencies  of  the 
boiler  and  engine  plants  and  is  equipped  with 
full  data  on  their  everyday  working  perform- 
ance. The  heating  problem  is  therefore  at- 
tacked in  the  full  light  of  its  relations  to  the 
steam-making  and  steam-consuming  equip- 
ment. The  specific  question  next  in  line  is 
as  follows: — 

What  are  the  heating  requirements  of  the 
plant  under  examination?  There  are  several 
methods  of  obtaining  this  information,  but 
they  may  be  classed  under  two  heads : — 
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(A)  By  actual  tests  under  working  condi- 
tions, this  being  the  more  satisfactory  way. 

(B)  By    calculation    from   accurate   data 
pertaining  to  the  particular  case  in  hand. 
This  is  the  method  in  general  use  by  design- 
ing engineers,  since  the  first  scheme  is  of 
course  impracticable  before  the  plant  is  in 
operation. 

(A)  As  we  are  considering  a  working  fac- 
tory we  shall  apply  the  first  method  wher- 
ever possible.  Each  plant  presents  a  spe- 
rial  problem  as  to  the  simplest  manner  of 
niaking  these  tests.  During  the  investigation 
of  the  boiler  plant  an  accurate  water  weigh- 
er or  measuring  apparatus  has  been  set  up 
for  recording  the  feed  water.  This  is  al- 
ways kept  in  readiness  for  use  until  the 
examination  of  the  entire  plant  has  been 
completed. 

If  therefore  we  can  isolate  one  or  more 
toilers  to  supply  steam  exclusively  for  heat- 
^^,  we  have  simply  to  weigh  the  feed  water 
to  such  boilers  in  order  to  determine  how 
^ch  steam  is  consumed  by  the  radiation. 
)eratures  and  pressures  are  of  course 
observed  during  the  heating  test, 
out  beautifully  for  the  measure- 
steam  heating.    Now  by  modifi- 
ae  system  can  be  made  to  re- 

t  steam  supplied 
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turn  will  be  reduced.  The  gross  effect  is  th^ 
choking  of  the  circulation,  necessitating  th* 
use  of  pressure  for  its  re-establishment,  anc 
this  often  results  in  the  otherwise  unneces 
sary  use  of  live  steam. 

Sufficient  reference  has  been  made  to  thi 
re-evaporation  or  discharge  from  the  radi 
ators  of  a  part  of  the  drips  as  steam  to  per 
mit  realization  of  the  fact  that  the  retun 
lines  must  be  designed  to  carry  not  onl} 
water  but  steam  as  well.  Consequently  am 
pie  capacity  of  these  pipe  lines  is  an  essentia 
feature  to  efficiency  of  heating  operation. 

This  discussion  on  the  broad  principles  o 
heating  is  merely  by  way  of  introduction  t< 
our  investigation  of  this  department  of  th< 
factory  power-plant  problem.  We  must  hen 
remind  ourselves  that  our  **  steam  doctor' 
has  obtained  the  individual  efficiencies  of  th< 
boiler  and  engine  plants  and  is  equipped  wit) 
full  data  on  their  everyday  working  perform 
ance.  The  heating  problem  is  therefore  at 
tacked  in  tlie  full  light  of  its  relations  to  th 
steam-making  and  steam-consuming  equip 
ment.  The  specific  question  next  in  line  i 
as  follows: — 

AVliat  are  the  heating  requirements  of  tin 
plant  under  examination?  There  are  severs 
methods  of  obtaining  this  information,  \>\ 
they  may  be  classed  under  two  heads : — 
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(A)  By  actnal  tests  under  working  condi- 
tions, this  being  the  more  satisfactory  way. 

(B)  By  calculation  from  accurate  data 
pertaining  to  the  particular  case  in  hand. 
This  is  the  method  in  general  use  by  design- 
ing engineers,  since  the  first  scheme  is  of 
course  impracticable  before  the  plant  is  in 
operation. 

(A)  As  we  are  considering  a  working  fac- 
tory we  shall  apply  the  first  method  wher- 
ever possible.  Each  plant  presents  a  spe- 
cial problem  as  to  the  simplest  manner  of 
making  these  tests.  During  the  investigation 
of  the  boiler  plant  an  accurate  water  weigh- 
er or  measuring  apparatus  has  been  set  up 
for  recording  the  feed  water.  This  is  al- 
ways kept  in  readiness  for  use  until  the 
examination  of  the  entire  plant  has  been 
completed. 

If  therefore  we  can  isolate  one  or  more 
ooilers  to  supply  steam  exclusively  for  heat- 
hs? we  have  simply  to  weigh  the  feed  water 
^0  such  boilers  in  order  to  determine  how 
^^ch  steam  is  consumed  by  the  radiation. 
Tenip^j-atures  and  pressures  are  of  course 
^I'efully  observed  during  the  heating  test, 
^his  works  out  beautifully  for  the  measure- 
^^nt  of  live-steam  heating.    Now  by  modifi- 
cation the  same  system  can  be  made  to  re- 
^^^  the  amount  of  exhaust  steam  supplied 


174  PREVENTING  POWER-PLANT  LOSSES 

to  those  portions  of  the  radiation.    I  have 
done  this  in  the  following  manner: 

The  exhaust  steam  from  the  engine  which 
supplied  the  heating  system  was  temporarily 
turned  out  of  doors  through  the  relief  valve. 
Then  live  steam  from  a  single  boiler  was 
supplied  through  a  reducing  valve  to  take 
the  place  of  the  exhaust  steam.  The  reduc- 
ing valve  was  adjusted  to  give  the  same  pres- 
sure in  the  heating  system  that  was  regular- 
ly maintained  with  the  exhaust  steam,  thus 
duplicating  the  heating  conditions.  The 
water  evaporated  in  the  test  boiler  was  re- 
corded by  the  automatic  weigher  and  thus 
the  exhaust  or  low-pressure  heating  require- 
ments w^ere  accurately  determined. 

Now  since  the  steam  consumption,  and 
therefore  the  exhaust  steam  per  horse-power 
hour  of  the  engine,  had  already  been  deter- 
mined, it  was  only  necessary  to  take  indica- 
tor cards  during  the  heating  test.  From  the 
engine  horse-power  hours  the  exhaust  steam 
produced  was  readily  computed.  From  the 
efficiency  of  the  engine  correct  allowance 
(about  6  per  cent  in  this  case)  was  made 
to  give  the  true  heating  value  to  the  exhaust. 
It  was  now"  know^n  exactly  how  much  heating 
w^as  required,  how  much  was  available  in  the 
form  of  exhaust  from  the  engine,  and  con- 
sequently how  much  was  w^asted  through  the 
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relief  valve  in  everyday  practice  of  that  sea- 
son of  the  year. 

These  tests  were  made  to  discover  whether 
it  would  pay  to  install  a  more  efficient  type 
of  steam  engine.  It  was  found,  however, 
that  since  over  90  per  cent  of  the  exhaust 
steam  was  utilized,  an  improved  type  of  en- 
gine would  not  pay  for  the  interest  on  the 
money  required  for  its  purchase.  This  re- 
sult necessarily  included  a  consideration  of 
the  fuel  cost  of  steam  in  the  boiler  plant.  If 
the  latter  had  been  sufficiently  high  a  bettor 
engme  would  have  paid  for  itself. 

This  shows  how  absolutely  all  phases  of  the 
power-plant  problem  are  bound  up  together, 
and  all  must  receive  due  consideration  unless 
common  guesswork  is  to  be  relied  upon. 

Another  method  of  making  an  actual  de- 
termination of  heating  demand  is  to  catch 
and  weigh  the  hot  drips  from  the  radiation. 
If  the  object  is  to  learn  the  total  amount  of 
steam  consumption  it  is  necessary  to  con- 
dense the  steam  which  accompanies  the  ac- 
tual water  of  condensation,  in  order  to  obtain 
the  full  weight  of  steam  fed  to  the  heating 
system. 

One  way  to  accomplish  this  is  to  allow  the 
drips  to  enter  a  coil  of  pipe  submerged  in 
cold  water,  thus  forming  a  condenser,  and 
then  to  weigh  the  resulting  water  at  the  cold 
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Mid.  During  thp  test  (which  sbouUl  extend 
preferably  over  a  coniiilete  run  of  the  plant) 
full  observations  should  be  taken  of  the  tem- 
peratures of  the  air  in  the  work  rooms,  the 
dry  rooms,  etc.,  as  well  as  out  of  doors;  a 
recording  gauge  should  be  used  or  periodi- 
cal readings  of  steam  pressure  taken,  both 
at  the  boiler  and  of  the  steam  entering  the 
heating  system;  and  systematic  reailings  of 
the  condensation  should  be  taken  and  regu- 
larly recorded. 

Where  the  flow  of  steam  to  a  heating  sys- 
tem is  nearly  constant  and  is  witliout  pulsa- 
tions (as  in  the  case  of  engine  exhaust)  the 
heating  steam  may  be  measured  by  attaehing 
to  the  supply  pipe  a  special  form  of  steam 
meter.  Some  of  these  depend  upon  the  prin- 
ciple of  the  Pitot  tube  and  otiiers  employ 
the  Venturi  meter  system.  So  much  for  ac- 
tual tests  under  working  conditions. 

(B)  Now  supposing,  under  the  circnm- 
stances  that  often  occur,  it  is  impracticable 
to  make  such  trials  as  we  have  jtuit  de- 
scribed ;  we  have  yet  a  means  to  arrive  at  an 
approximation  of  the  heating  demand  by 
process  of  computation  from  data. 

Such  method  may  for  instance  be  necessary 
in  the  winter  time  to  determine  the  summer 
heating  load,  or  vice  versa,  and  as  previously 
stated  this  system  is  used  principally  by  ar- 
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chitects  and  heating  engineers  in  the  design 
of  new  buildings.  The  amount  of  heat  that 
is  required  to  keep  a  room  or  building 
warmed  to  a  given  temperature  depends 
upon  two  factors : 

1.  The  loss  of  heat  carried  away  by  the 
warm  air  constantly  escaping  to  make  room 
for  the  fresh  air  admitted  for  ventilating 
purposes.  With  this  is  included  the  acci- 
dental escape  of  warm  air  through  leaks 
around  doors  and  windows,  and  its  diflfusion 
through  walls. 

2.  The  loss  of  heat  by  radiation  through 
walls  and  closed  doors  and  windows. 

The  amount  of  heat  required  to  overcome 
the  first  loss  depends  upon  the  rapidity  of 
air  changes  allowed  in  the  room  and  upon 
the  temperatures  of  the  air  in  the  room  and 
the  air  outside. 

Authorities  compute  that  each  adult  per- 
son in  a  room  requires  at  least  30  cubic  feet 
of  fresh  air  per  minute  to  maintain  a  fair 
standard  of  purity.  Hence  the  air  changes 
^^uired  per  hour  primarily  depend  upon 
the  number  of  workmen  in  the  shop,  together 
^ith  its  cubical  contents.  If  the  rooms  are 
^^ge  and  the  workmen  few,  the  necessary 
^r  changes  per  hour  are  lessened,  so  that 
this  figure   depends   for   its   determination 
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upon  local  conditions.^  Mr.  J.  Byers  Hol- 
brook  allows  **one  change  of  air  per  hour 
for  the  average  type  of  city  building '*,  in- 
creasing this  allowance  for  corridors  and 
first  floors.  Other  engineers  designate  vari- 
ously from  a  fraction  of  one  change  to  as 
high  as  three  changes  per  hour  for  different 
sets  of  conditions. 

In  addition  to  ordinary  ventilation  special 
problems  arise,  such  as  the  supply  of  air  for 
process  work  in  dry  rooms,  etc  In  such 
cases  decisions  based  upon  experimental 
data  are  the  most  reliable. 

Having  once  decided  upon  the  rate  of  ven- 
tilation it  becomes  a  simple  matter  to  com- 
pute the  heat  or  steam  required,  and  conse- 
quently also  the  amount  of  radiating  sur- 


1  Example: — A  room  contains  1,000  cubic  feet  of  air.  The  mimmum 
outside  temperature  is  0  degree  F.  Temperature  to  be  maintained  in  Um 
room  is  70  degrees.    Air  changes  per  hour  allowed  =  2. 

1  cubic  foot  of  air  at  70  degrees  weighs  about  0.0745  pounds. 
Speci6c  heat  of  air  is  0.2375. 
Hence  1  B.t.u.  will  raise  the  temperature  of  56.5  cubic  feet  of  air  1  degree  F. 
The  problem  is  to  raise  2,000  cubic  feet  of  air  per  hour  70  degreee  F. 

2,000  X  70 

=  2,480  B.t.u.  pcT  hour  required  to  warm  the  air  for  ventilation. 

56.5 

Then  the  amount  of  steam  needed  at  atmospheric  pressure  will  be 

2,480  .    ^ 

=  2.56  pounds  steam  i>er  hour.    Figuring  the  "rate  eflBciency     cx 

the  radiators  at  1.8  B.t.u.  per  hour  per  degree  difference  per  square  foot  and 
steam  at  212  degrees  the  temperature  difference  will  be  212  —  70  degieefl 
=  142  degrees,  and  1.8  X  142  degrees  =  255.6  B.t.u.  per  hour  per  square 
foot  of  surface. 

2,480 

Therefore  the  amount  of  radiation  required  will  be =  9.7  square 

255.6 

feet,  which  will  warm  the  air  for  ventilation. 
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fac^  that  must  be  provided  and  installed  on 
this  account. 

Now  in  addition  to  the  requirement  of 
warming  the  ventilating  air  we  must  provide 
for  the  second  item,  that  is,  the  heat  need- 
ed to  overcome  the  loss  by  radiation  through 
walls  and  windows.  Of  course  the  heat  loss 
through  a  wall  depends  upon  its  thickness 
and  its  material.  Holbrook  uses  0.25  B.t.u. 
per  square  foot  per  degree  difference  in  tem- 
perature for  the  average  city-building  wall, 
and  states  this  coefficient  will  vary  for  brick 
walls  (from  4  inches  to  18  inches  in  thick- 
ness) from  0.24  B.t.u.  to  0.68  B.t.u.  The  heat 
transferred  by  glass  in  windows  also  varies 
with  conditions,  but  may  be  taken  at  an  aver- 
age value  of  1  B.t.u.  per  square  foot  of  sur- 
face per  hour  per  degree  difference  in  tem- 
perature between  the  inside  and  outside  air. 

These  wall  and  window  radiation  losses 
are  computed  and  added  to  the  ventilation 
losses  to  produce  the  total  heat  and  the  con- 
sequent radiation  required. 

For  a  rough  and  quick  calculation  in  fac- 
tory work  where  the  radiation  is  known,  we 
'^y  allow  one-third  of  a  pound  of  steam 
(low-pressure)  consumed  per  hour  for  each 
square  foot  of  direct  radiating  surface. 


Chapter  VIII 
THE  HEATING  SYSTEM  (Continued) 

^T^HUS  far  we  have  considered  only  direct 
-■■  radiation,  that  is  to  say,  cases  where  the 
radiator  coils  are  surrounded  by  compara- 
tively still  air.  Now  where  the  fan  blast  or 
indirect  method  is  employed,  a  square  foot 
of  surface  will  give  out  from  about  three  to 
six  times  the  amount  of  heat  transmitted  by 
the  same  area  in  an  ordinary  radiator,  de- 
pending upon  the  velocity  of  the  air  and  the 
temperature  diflferences.  This  system  sub- 
jects itself  to  more  accurate  calculation  since 
it  is  usually  more  or  less  centralized  and 
the  volume  of  air  supplied  can  be  directly 
measured. 

Thus  it  is  possible  by  actual  testing  and 
by  computing  from  accurately  gathered  data, 
to  obtain  the  heating  requirements  of  any 
factory  plant. 

Both  the  engine  loads  and  the  heating  loads 
must  be  obtained  not  only  for  summer  and 

IHO 
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winter  but  for  day  and  night  a3  well,  and 
the  production  of  exhaust  steam  by  pumps 
and  auxiliaries  must  be  taken  into  our  calcu- 
lations. 

It  is  evident  that  these  steam  and  heating 
conditions  are  continually  varying,  and  the 
highest  economy  is  possible  only  by  balancing 
the  production  of  exhaust  steam  to  our  heat- 
ing requirements  for  all  conditions  of  opera- 
tion the  year  round.  This  introduces,  next 
to  the  boiler  plant,  the  most  serious  and  the 
most  important  part  of  our  factory  fuel  prob- 
lem. For  a  guide  in  its  solution  we  may  state 
the  following  working  principles : 

1.  Substitute  exhaust  for  live-steam  heat- 
ing wherever  practicable. 

2.  Design  or  modify  the  plant  so  as  to 
produce  sufficient  exhaust  steam  (and  no 
more)  to  take  care  of  the  heating  require- 
nients  at  all  times. 

3.  If  a  surplus  of  exhaust  steam  beyond 
the  heating  demand  is  found,  it  can  be  re- 
duced: 

a.  By  more  economical  type  of  steam  en- 
pnes  and  pumps  running  non-condensing. 

h.  By  operating  one  or  more  of  the  engines 
condensing  during  such  time  as  their  exhaust 
steam  cannot  be  utilized. 

c.  To  care  for  the  lighter  heating  load  in 
^ann  weather,  the  exhaust  production  may 
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be  reduced  by  running  at  a  lighter  load  one 
of  the  non-condensing  steam  engines,  or  shut- 
ting it  down  entirely  and  shifting  its  work 
on  to  a  main  engine  of  high  efficiency  run- 
ning condensing.  This  is  a  simple  matter 
in  an  electrically  operated  plant  with  a  main 
engine  of  sufficient  capacity. 

4.  Where  possible,  always  make  the  boiler 
steam  do  work  by  putting  it  through  an  en- 
gine before  applying  it  to  the  heating  sys- 
tem. Thus  the  power  becomes  a  by-product 
of  the  fuel  needed  for  heating. 

5.  Where  condensing  is  out  of  the  question, 
the  amount  of  surplus  exhaust  may  be  re- 
duced by  making  a  part  of  the  power  with 
oil,  natural  gas,  or  producer-gas  engines.  Or 
where  sufficiently  cheap  electric  power  is 
available,  it  may  be  drawn  upon  up  to  the 
point  at  which  exhaust  steam  balances  heat- 
ing load. 

6.  A  compound  condensing  engine  or 
bleeder  type  of  turbine  may  sometimes  best 
meet  the  combined  power  and  heating  re- 
quirements by  drawing  from  the  intermedi- 
ate stage  or  bleeder  the  exact  amount  .of 
exhaust  steam  wanted  at  all  seasons.  Such 
steam  has  performed  work  in  the  high-pres- 
sure cylinder  or  stages  before  its  applica- 
tion to  the  heating  system  and  therefore  this 
practice  is  highly  economical.    That  portion 
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of  the  exhaust  or  low-pressure  steam  not 
used  for  heating  proceeds  through  the  low- 
pressure  cylinder  or  stages  and  delivers  ad- 
ditional horse-power  hours  before  its  rejec- 
tion to  the  condenser. 

This  effect  of  conserving  the  heat  in  the 
steam  for  a  maximum  output  of  power  and 
heating  combined  may  also  be  accomplished 
by  operating  a  hot-water  heating  system  in 
conjunction  with  a  condensing  turbine  or  en- 
gine. The  water  is  heated  in  passing  through 
a  special  heater  placed  between  the  prime 
mover  and  its  condenser,  the  vacuum  on 
which  is  reduced  as  more  heat  is  required 
for  the  radiation,  and  vice  versa.  Thus  in 
very  warm  weather  when  no  exhaust  is  re- 
quired for  heating,  a  high  vacuum  is  car- 
ried with  a  consequent  economy  in  steam  con- 
sumption. In  cold  weather  the  vacuum  on 
the  condenser  is  reduced  and  more  of  the 
heat  of  the  exhaust  steam  enters  the  water 
which  is  circulated  through  the  radiation  for 
warming  the  buildings.  This  plan  is  known 
as  the  vacuo  hot-water  system  and  will  be 
further  discussed. 

7.  A  non-condensing  steam  engine  with  its 
^^haust  efficiently  and  wJiolly  utilized,  when 
properly  credited  with  the  live  boiler  steam 
that  would  otherwise  be  required  for  the 
heating  load,  tvUl  furnish  a  horse-power  hour 


THE  HEATING  SYSTEM  185 

jor  about  %  pounds  of  coal,  whereas  a  large 
and  refined  central  power-station  can  only 
approximate  a  horse-power  hour  for  one 
pound  of  coal. 

8.  In  the  use  of  exhaust  steam,  the  heat- 
ing of  the  boiler-feed  water  should  be  given 
first  preference. 

Approximately  one-seventh  (1/7)  of  the 
steam  from  a  boiler  after  it  has  passed 
through  a  simple  engine  will  heat  all  its  feed 
water  from  60  degrees  to  212  degrees.  The 
balance  of  the  steam  (6/7)  is  available  for 
other  heating  purposes. 

9.  Conserve  first  the  exhaust  steam.  Then 
look  after  the  return  of  the  hot  drips  from 
the  heatiug  system.    Effective  oil  separation 

• 

>8  essential  with  the  latter,  in  order  to  pre- 
vent burning  of  the  boilers.  The  return  of 
hot  drips  reduces  the  amount  of  scale  that 
^  deposited  in  the  boilers. 

10.  Low-pressure  is  to  be  preferred  above 
Wgh-pressure  steam  for  reasons  of  economy 
previously  mentioned. 

With  this  list  of  generalities  in  mind,  the 
^Jigmeer  selects  a  method  of  heating  which 
^U  best  solve  the  problems  of  any  particular 
situation. 

The  final  plans  usually  resolve  into  an 
adaptation  of  one  or  more  recognized  **sys- 
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tems '  ^  which  may  best  meet  the  conditions  in 
hand. 

A  brief  description  of  a  few  of  these  will 
be  apropos  of  our  previous  discussion. 

First,  we  may  properly  mention  what  is 
commonly  known  as  the  vacuum  system,  or 
more  accurately  the  return-line  vacuum  sys- 
tem of  steam  heating.  A  typical  installa- 
tion of  this  kind  is  illustrated  in  Fig.  11.  Its 
principal  features  comprise  the  following: 

All  the  exhaust  steam  from  the  non-con- 
densing engines  and  pumps  is  led  to  a  feed- 
water  heater  (of  the  open  type  in  this  case) 
after  passing  through  a  separator  to  remove 
the  cylinder  oil.  The  heater  absorbs  sufB- 
cient  heat  to  raise  the  feed  water  to  about 
210  degrees  if  x)roperly  designed.  The  large 
residue  of  exliausl  steam  then  passes  into  a 
heating  main  from  which  pipes  are  branched 
off  to  tlio  radiators  and  heating  coils. 

The  condensation  from  these  is  automati- 
cally released  with  the  accumulation  of  air 
into  the  drip  rotui'ns  by  the  action  of  special 
**  vacuum  valves '\  one  of  which  is  attached 
to  each  individual  radiator  or  heater.  The 
condensation  and  air  pass  downward  through 
the  rc^turn  mains  to  a  vacuum  pump  which 
maintains  a  pressure  below  atmosphere  in 
tlie  retui'n  lines.  They  are  then  discharged 
into  an  overhead  tank,  which  is  vented  for 
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the  separation  of  the  entrained  air,  so  that 
the  condensation  alone  flows  back  into  the 
feed-water  heater  to  mingle  with  whatever 
make-up  water  may  be  required  to  supply  the 
boilers.  The  inflow  of  the  make-up  water  is 
automatically  regulated  to  suit  the  varying 
requirements  of  operation  by  means  of  a  tank 
float-valve. 

If  there  is  an  over-abundance  of  exhaust 

for  the  supply  of  the  radiation  its  escape  is 

provided    for   by   the    back-pressure    relief 

valve  which  is  always  a  necessary  part  of  the 

equipment.    If,  on  the  other  hand,  there  is 

not  enough  exhaust  to  satisfy  the  needs  of 

the  heating  system,  an  additional  supply  of 

live  steam  is  automatically  admitted  to  the 

heating  main  by  means  of  the  pressure-regu- 

latuig  valve  shown  on  the  drawing  and  so 

designated. 

The  theory  of  the  *' vacuum  system'',  which 
is  80  called  on  account  of  the  light  vacuum 
carried  in  the  return  piping,  is  very  largely 
misunderstood.  Many  persons  think  that  the 
vacuum  pmmp  ** sucks''  the  steam  through  the 
radiators,  thus  causing  a  positive  circulation, 
l>iit  this  is  not  true. 

If  water  and  air  are  removed  from  a  radi- 
ator as  rapidly  as  they  accumulate  and  the 
discharge  be  otherwise  sealed,  it  will  act  in 
the  capacity  of  a  condenser  by  the  reduction 
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of  the  contained  steam  to  water.  The  volume 
thus  greatly  diminished  creates  a  partial  vao- 
nmn  in  the  radiator,  causing  a  positive  in- 
flow of  the  steam  from  the  mains,  which 
carry  a  pressure  approximately  atmospheric 
The  function  of  the  vacuum  is  to  cause  a  dif- 
ference in  pressure  between  the  interior  of 
the  radiator  and  the  drip  line  in  order  to 
permit  a  rapid  discharge  from  the  former  of 
the  water  and  air  which  are  oontiniial^  ach 
cumulating.  .>;^.i^ 

Without  this  return-line  vacuum  flie  ~*^*^ 
sary  difference  of  pressure  would  ta^  ob- 
tained by  increasing  the  pressure  of  steam  tii 
the  radiator.  This  however  would  result  in 
back  pressure  on  the  engine  supplying  the 
exhaust  steam,  thus  decreasing  its  efficiency 
and  capacity  and  adding  to  its  steam  con- 
sumption, all  of  which  disadvantages  are 
overcome  by  a  well  designed  vacuum  sys- 
tem. 

There  are  a  large  number  of  successful 
systems  of  this  class  in  the  field  and  they 
differ  principally  in  the  design  of  the  return- 
line  vacuum  valve  which  is  attached  to  the 
radiator.  These  automatic  valves  may  gen- 
erally be  divided  into  two  classes,  though  with 
some  exceptions. 

One  of  these  depends  upon  the  principle  of 
expansion  and  comprises  the  thermostatic  di- 


THS  HEATIKO  STBTBU  189 

vision.  This  type  is  shown  in  Pig.  12.  Its 
operation  depends  upon  the  elongation  and 
shortening  of  a  member  or  stem  which  closes 
and  opens  the  valve.  When  this  expansion 
member  is  surrounded  by  steam  its  greater 
length  causes  the  valve  to  shut,  preventing 
the  escape  of  steam ;  but  when  water  and  air 


Flo.  12.    DuNBAU  Radiatob  Trap,  Ssunottu.  View. 
Thebmostatic  Ttpk. 

collect,  their  slightly  lower  temperature 
eauBea  the  valve  to  open,  thus  allowing  their 
<iischarge  into  the  return  line. 

In  the  later  designs  of  thermostatic  valves, 
such  as  here  illustrated,  the  expansion  piece 
is  of  special  hollow  construction  and  contains 
fi  volatile  liquid  which  vaporizes  and  forms 
pressure  under  the  heating  influence  of  the 
steam.  By  such  a  device  the  effective  force 
of  opening  and  closing  and  the  stroke  or  mo- 
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tion  of  the  valve  may  both  be  greatly  magni- 
fied. It  should  always  be  carefully  specified 
under  what  particular  temperature  condi- 
tions the  valve  is  to  operate. 


Radiatok  Trap.    Float  Typb. 


The  otlier  large  division  of  vacuum  valves 
may  bo  classeil  as  belonging  to  the  float  type 
of  steam  traps  (see  Fig.  13),  For  their  open- 
ing they  depend  npon  the  accumulation  of 
water  in  tlioir  snrroiniding  recess  which  ex- 
ercises the  effect  of  huoyancj'  to  lift  the  valve 
from  its  scat.  These  valves  are  generally 
provided  with  an  auxiliary  port  for  the  re- 
lief of  air  from  the  nuliator,  A  continuous 
passage  of  air  or  steam  takes  place  through 
tliis  port,  anil  wlien  there  is  not  enough  air 
to    satisfy    the    calculated    leakage,    uncon- 
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densed  steam  takes  its  place  and  passes  un- 
used to  the  return  line. 

A  vacuum  system  may  be  applied  equally 
well  to  indirect  radiation  or  to  any  kind  of 
steam-heating  apparatus  as  a  means  to  pro- 
mote eflScient  circulation,  and  to  reduce  back 
pressure  on  engines  and  pumps  when  exhaust 
steam  is  used. 

When  both  high-  and  low-pressure  heaters 
are  employed  the  high-pressure  drips  should 
not  be  discharged  directly  into  the  return  line 
of  the  vacuum  system,  since  the  steam  that 
will  be  re-evaporated  in  the  low  pressure  of 
the  partial  vacuum  interferes  with  the  action 
of  the  vacuum  pump  to  such  an  extent  that 
a  spray  of  cold  water  must  be  injected  into 
the  suction  of  this  pump  to  enable  it  to  per- 
form its  function.  The  secondary  result  is 
the  cooling  of  the  otherwise  hot  drips,  some- 
times to  the  extent  of  producing  an  over- 
supply  of  feed  water  with  the  attendant 
waste  of  heat  to  the  sewer. 

It  is  possible,  however,  to  use  a  single  low- 
pressure  return  main  for  both  high-  and  low- 
pressure  heating.  This  is  accomplished  by 
allowing  the  high-pressure  trap  to  discharge 
into  a  receiver,  the  top  of  which  is  connected 
to  a  low-pressure  steam  supply  main.  Thus 
the  **blow*'  or  steam  from  the  high-pressure 
radiator  is  returned  for  a  second  use,  this 
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time  in  the  low-pressure  system.  The  water 
which  accumulates  in  the  receiver  is  drawn 
off  through  the  vacuum  valve  into  the  low- 
pressure  return  line.  This  scheme,  which  is 
sho^m  in  Fig.  14,  not  only  eliminates  a  sep- 
arate high-pressure  drip  main,  but  also  re- 
sults in  conserving  the  **blow"  of  the  high- 
pressure  traps,  which  would  otherwise  be 
wasted. 

Before  the  invention  of  vacuum  systems 
the  gravity  system  was  in  general  use.  Each 
radiator  was  equipped  with  a  steam-supply 
pipe  and  a  drip  line,  each  controlled  by  a 
hand  valve.  The  main  drip  from  several 
heaters  was  often  led  into  a  conunon  trap 
of  the  bucket  or  float  type.  This  arrange- 
ment is  particularly  liable  to  air  binding,  and 
the  by-pass  on  the  trap  would  have  to  be 
opened  on  occasion  to  blow  out  the  system 
and  start  it  working  again.  Various  forms 
of  automatic  air-relief  valves  were  applied 
to  the  individual  radiators,  which  proved 
helpful  in  general  toward  the  relief  of  air 
binding,  though  they  also  caused  much 
trouble  through  leakage  and  adjustment  dif- 
ficulties. Some,  of  course,  were  better  than 
others. 

If  the  trap  itself  became  filled  with  air  the 
float  or  bucket  would  not  work.  Then  the 
by-pass  or  air  cock  would  have  to  be  opened 
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direct  control  of  the  engineer.  The  usual 
indirect  system  employs  a  blast  fan  which 
may  either  induce  or  force  the  air  through 
a  coil  or  heater  whose  pipes  or  sections  are 
supplied  with  steam,  although  hot  water  may 
be  employed  as  the  heating  medium.  The 
heated  air  is  then  conducted  in  proper  flues 
and  discharged  as  desired  in  the  more  or  less 
distant  work  rooms. 

There  is  a  tendency  to  supply  more  air 
with  a  fan-blast  system  than  is  actually 
needed ;  consequently  when  there  is  no  return 
air-flue  provided  the  fan  may  consume  a 
wasteful  amount  of  steam.  Power  also  is 
required  to  drive  the  fan,  but  the  additional 
exhaust  steam  thus  produced  may  often  be 
consumed  in  the  coils  of  the  fan  itself,  in 
which  event  only  an  insignificant  amount  of 
steam  or  fuel  for  power  is  chargeable  against 
the  fan  system. 

From  the  standpoint  of  operating  econo- 
^J  (including  the  consideration  of  repairs, 
convenience,  and  a  greatly  reduced  amount 
of  radiation  and  steam  piping  which  would 
otherwise  have  to  be  distributed  throughout 
t'le  plant)  it  can  be  readily  seen  that  the  fan- 
Wast  system  has  some  marked  advantages, 
■fhe  less  radiating  surface  required  is  due  to 
the  velocity  with  which  the  air  impinges  upon 
^t-  A  blast  heater  depending  on  conditions 
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of  operation  will  condense  from  three  to  six 
times  as  much  steam  per  square  foot  per 
hour  as  will  a  direct  radiator  in  compara- 
tively still  air;  that  is  to  say,  the  ''rate  ^- 
ciency'*  of  the  blast  coil  is  very  high.  This 
can  be  nicely  demonstrated' by  directing  the 
air  blast  from  an  ordinary  electric  desk  fan 
upon  the  surface  of  a  steam  radiator.  I  have 
Been  a  cold  office  quickly  warmed  by  this 
means. 

A  method  of  applying  hot-water  heating  in 
such  a  manner  that  all  the  exhaust  from  the 
prime  mover  is  utilized  either  for  heating  or 
producing  additional  power  is  treated  in  the 
writings  of  Ira  H.  Evans,  who  describes  the 
operation  of  a  plant  so  arranged  under  his 
supervision. 

The  turbine  exhaust  has  two  branch  con- 
nections to  the  condenser,  each  under  sepa- 
rate control.  In  one  branch  is  inserted  a 
heater  through  which  the  water  for  the  ra- 
diating system  is  mechanically  circulated. 
By  changing  the  vacuum  a  greater  or  less 
amount  of  heat  is  transmitted  to  the  heater 
from  the  exhaust  steam.  When  no  heating 
is  required  a  high  vacuum  is  maintained  with 
a  consequently  reduced  steam  consumption 
for  power.  As  more  heating  is  needed,  a 
lower  vacuum  adjustment  permits  the  trans- 
mission of  more  heat  to  the  radiation  water. 
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Furthermore,  as  more  steam  for  heating  is 

required  its  quantity  automatically  increases 

with  the  reduction  of  vacuum  on  the  turbine. 

There  are  still  other  methods  of  heating 

which  the  engineer  has  at  his  disposal.    Air 

or  water  may  be  warmed  by  passing  through 

an  economizer  type  of  heater  arranged  to 

absorb  a  portion  of  the  heat  which  escapes 

from  the  uptakes  of  boilers.    Or  such  heaters 

may  be  separately  fired,  as  in  ordinary  air 

and  water  heaters  used  in  small  work. 

For  the  factory  engineer  a  knowledge  of 
all  available  systems  and  methods  of  heat- 
ing is,  of  course,  essential.  But  unless  the 
heating  design  rests  upon  the  broad  prin- 
ciples which  we  have  discussed,  it  makes  but 
little  difference  which  system  is  adopted  as 
far  as  over-all  efficiency  is  concerned.  Pri- 
marily, minimum  cost  of  power  and  heating 
do  not  depend  upon  a  system.  I  have  said 
power  and  heating,  not  heating  alone.    For 

it  is  impossible  to  isolate  one  from  the  other 

• 

^  an  investigation  directed  toward  the  at- 
tainment of  efficiency. 

Success  in  this  matter  does  depend  first 
^d  last  upon  a  thorough  knowledge  of  all 
the  working  conditions  in  any  given  case,  and 
the  relations  involved,  which  include  a  deter- 
^ation  of  the  power  and  heating  loads  for 
day  and  night  for  all  seasons  of  the  year. 
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These  data  are  to  be  had  only  by  means 
of  a  scientific  investigation  such  as  we  have 
here  discussed.  With  this  kind  of  a  report 
in  hand  for  basic  reference,  we  may  then 
mold  a  plan  which  will  provide  not  merely 
for  individual  efficiencies  of  the  component 
parts,  but  for  a  maximum  economy  of  the 
whole  scheme  of  operation  all  the  way  from 
the  coal  pile  to  the  return  drips,  together 
with  a  provision  for  future  expansion  in  the 
path  of  true  efficiency. 


Chaptee  IX 
THE  HUMAN  FACTOR 

r\VER  one-fourth  of  the  factory's  yearly 
^^  coal  bill  is  directly  controlled  by  the 
fireman.    In  New  England  a  single  fireman 
will  burn  $40  to  $50  worth  of  coal  a  day  in 
a  500  horse-power  plant.    That  is  $12,000  to 
$15,000  worth  of  coal  a  year.    This  man  re- 
ceives from  $1.75  to  $2.50  per  day  for  his 
wort    Depending  upon  the  skill  with  which 
he  handles  his  shovel,  he  will  waste  or  save 
$3,000  to  $4,000  a  year  of  his  firm's  good 
money. 

Even  with  excellent  physical  equipment, 
there  may  prevail  either  high  efficiency  or  a 
^aste  of  fuel  amounting  to  thousands  of  dol- 
lars per  year.  In  my  experience  the  range 
^f  this  difference  in  operation  alone  extends 
from  48  per  cent  efficiency  to  over  70  per 
^^t.  Thus  in  this  extreme,  about  46  per 
^^t  more  steam  could  be  made  from  the 
Same  amount  of  coal,  while  for  the  same 
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quantity  of  steam  31  per  cent  less  coal  would 
be  consumed. 

Hence  my  introductory  statement  is  very 
conservative ;  over  one-fourth  of  your  factory 
coal  bill  is  directly  controlled  by  your  fire- 
man. 

Forty-nine  managers  out  of  fifty  are  quite 
ignorant  as  to  the  disposal  of  this  fourth 
part  of  their  coal  bill.  A  frequent  attitude 
on  their  part  is:  **We  employ  *good  men' 
and  we  can't  be  losing  much,"  and  **I  guess 
you  will  find  we  are  doing  as  well  as  the  next 
fellow. "  In  a  recent  case  of  this  kind  I  found 
the  firm  were  wasting  over  one-quarter  of 
their  fuel  by  wrong  operation  alone.  When 
the  matter  was  set  right,  which  was  quickly 
done,  they  expressed  themselves  as  undecid- 
ed whether  to  be  pleased  with  the  saving  or 
to  be  overcome  with  remorse  that  they  had 
been  losing  such  a  large  sum  of  money  an- 
nually for  so  long  a  time. 

The  **good  man  in  charge''  theory  of  effi- 
ciency is  a  sad  fallacy.  It  cannot  be  de- 
pended upon  without  additional  aid  in  the 
boiler  plant — the  simple  reason  being  thafc 
no  matter  how  **good"  the  man  may  be,  un- 
less he  has  a  means  of  checking  the  efficiency 
of  his  plant  and  knows  how  to  use  it,  he  will 
be  utterly  in  the  dark  as  to  the  results  he  is 
obtaining. 
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In  eacli  of  the  other  departments  of  a  fac- 
tory not  only  is  a  record  kept  of  all  material 
and  items  of  expense  which  enter  into  that 
particular  process,  but  a  most  careful  ac- 
count is  taken  of  the  output  or  product  which 
forms  the  object  of  the  expense  involved. 

On  the  other  hand,  most  managers  are  con- 
tent to  keep  a  careful  account  of  the  expense 
of  operating  the  boiler  plant  but  have  only 
the  vaguest  idea  of  what  this  expense  pro- 
duces. It  is  most  usual  to  find  strict  records 
kept  of  the  amount  of  coal  consumed  but  ab- 
solutely no  figures  of  any  kind  to  show  the 
amount  of  steam  this  coal  has  produced. 

This  represents  the  same  type  of  transac- 
tion which  takes  place  between  school  boys 
Fhen  they  trade  jack  knives,  '^unsight  and 
unseen''.    The  trader  knows  what  he  is  gw- 

• 

twflfbnt  there  is  always  a  delightful  uncer- 
tainty as  to  what  he  will  receive. 

The  *' old-school"  manager  handles  his 
toiler  plant  in  precisely  this  manner.  He 
''blows  in''  anywhere  from  $5,000  to  $100,000 
in  good  coal  each  year,  and  takes  a  blind 
chance  as  to  whether  one-quarter  of  this 
amount  will  produce  steam  or  ''go  up  the 
stack"!  He  places  a  ''good  man"  in  the 
boiler  plant  and  keeps  track  of  the  coal  con- 
^^ed,  but  neither  he  nor  his  "good  man" 
18  able  to  say  how  much  steam  that  coal  pro- 
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duces,  nor  how  much  it  ought  to  produce.  To 
be  sure  they  will  both  guess.  But  judging  by 
the  experience  I  have  had  in  converting 
guesswork  of  this  kind  into  positive  infor- 
mation, their  guess  will  invariably  prove  to 
be  a  bad  one. 

Managers  have  pretty  well  come  to  the  cor- 
rect conclusion  that  it  pays  to  buy  their  coal 
carefully,  and  preferably  on  a  heat  unit  and 
analysis  basis,  hut  only  a  few  have  learned 
the  value  of  measuring  the  product  as  well 
as  the  expense  of  the  boUer  plant. 

This  guessing  game  may  have  been  amus- 
ing in  the  days  of  cheap  coal  (though  a  bit 
rough  on  the  present  effort  toward  conserva- 
tion of  the  resources),  but  in  these  times  of 
high  and  increasing  coal  prices  the  sport  is 
becoming  expensive.  It  is  therefore  safe  to 
predict  that  in  the  future  it  will  be  followed 
by  only  the  most  reckless  of  our  captains  of 
industry. 

Some  managers  will  resent  my  statement 
regarding  their  failure  to  measure  produc- 
tion as  well  as  expense  in  connection  with 
their    power-plant    efficiency,    because    they 
keep  an  account  of  the  amount  of  coal  con- 
sumed per  barrel  of  flour  or  per  other  unit^ 
of  factory  product.    To  these  I  would  answer — 
that  there  are  so  many  factors  other  thaim- 
power-plant  efficiency  which  enter  into  th^ 
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fuel  cost  of  a  unit  of  the  finished  product, 
that  a  figure  obtained  in  this  manner  conveys 
no  information  whatever  regarding  the  true 
performance  of  the  power  plant. 

Should  this  for  a  moment  be  doubted,  allow 
me  to  cite  an  instance  of  two  plants  which  I 
visited,  both  of  which  were  making  the  same 
product  and  owned  by  the  same  company.  In 
the  one  which  possessed  the  better  power 
equipment,   the  fuel  consumed  per  unit  of 
production   was  the  greater  amount.     But 
this  factory  was  handicapped  by  a  bad  lay- 
out of  buildings  and  much  more  heat  and 
mechanical  energy  were  demanded  for  its 
operation.    Thus  the  fuel  per  unit  of  finished 
product  was  in  no  way  proportional  to  the 
efficiency  of  the  power  plant  itself. 

This  simple  case  illustrates  the  futility 
attempting  to  accept  such  ** over-all  data" 
as  in  the  slightest  degree  indicative  of  the 
individual  performance  of  the  power-plant 
department. 

If  efficiency  is  to  be  obtained  it  is  necessary 
to  bestow  individual  analysis  upon  this  on(» 
small  factory  whose  raw  material  is  coal  and 
labor  and  whose  product  is  power,  light  and 
heat. 

The  average  fireman  works  entirely  in  the 
^ark.  He  only  knows  he  must  maintain  the 
required  steam  pressure,  and  he  is  made  to 
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fire  as  many  boilers  as  be  can,  ^*to  keep  the 
payroll  down."  He  has  long  hours — twelve 
hours  a  day  most  frequently,  and  sometimes 
more — and  he  is  paid  a  low  wage  with  no 
hope  of  more  for  better  work.  I  know  one 
man  who  fired  from  16  to  18  tons  of  coal  eacli 
day,  serving  a  long  battery  of  boilers. 

The  fire-room  is  usually  very  hot  and  badly 
ventilated  and  no  conveniences  or  shower 
bath  are  provided.  It  is  the  rule  to  find  only 
such  appliances  for  safety  as  may  be  com- 
pelled by  law,  and  these  are  generally  inade- 
quate. 

When  matters  do  not  run  smoothly  our 
old-school  sujjerintendent  is  very  likely  to 
visit  the  fireman  with  added  afiliction  in  the 
form  of  violent  language  and  dockage  of  the 
pay  envelope.  I  have  seen  and  heard  these 
disheartening  occurrences. 

The  fireman  is  regarded  by  such  a  man  as 
but  little  better  than  an  animal  or  beast  of 
burden.  He  icill  hrag  about  the  low  wages 
in  his  fire-room  icJiile  for  every  hundred  dol- 
lars  tJrus  saved  a  thousand  dollars  in  coal  is 
being  needlessli/  wasted,  and  principally 
owing  to  this  unintelligent,  not  to  say  brutal, 
attitude  of  tlu^  factory  superintendent  him- 
self. Numerous  examples  and  experiences 
of  this  kind  reappear  before  me  as  I  write 
and  they  form  a  most  unattractive  picture. 
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Combustion  of  fuel  involves  highly  tech- 
nical considerations.  It  comprises  a  series  of 
more  or  less  complicated  chemical  reactions 
vhich  are  not  even  yet  completely  understood 
by  scientists  who  have  made  it  their  particu- 
lar study,  although  the  knowledge  of  the  sub- 
ject which  is  now  available,  and  in  practice, 
is  capable  of  producing  and  does  produce  re- 
markably high  efficiencies.  In  view  of  these 
facts,  is  it  strange  that  the  average  factory 
power  plant  needlessly  wastes  a  large  part 
of  the  expensive  coal  which  is  annually  pur- 
chased for  its  consumption?  The  principal 
facts  to  which  I  refer  are :  the  complexity  of 
the  science  of  combustion ;  the  low  wages  and 
long  hours  of  the  fireman;  the  lack  of  en- 
couragement he  receives  from  his  superiors; 
and  the  ignorance  and  wastefulness  of  the 
manager  who  records  the  expense  but  dis- 
regards the  product  of  his  boiler  plant. 

With  the  exception  of  the  fireman,  I  know 
of  no  other  class  of  worker  who  is  entrusted 
^ith  the  expenditure  of  $12,000  to  $15,000 
a  year  of  the  firm's  money  who  in  the  first 
place  receives  so  little  as  $2  to  $3  per  day, 
^d  in  the  second  place  goes  wholly  un- 
checked as  to  the  return  he  makes  to  his 
^mpany  for  the  amount  expended. 

The  trend  is  toward  a  widespread  reform, 
^d  it  is  actuated  by  two  motives.    The  first 


206  PREVENTING   POWER-PLANT   LOSSES 

motive  is  economy.  The  second  motive  is 
humanity.  It  would  be  pleasant  to  reverse 
the  order  of  these  betterment  forces,  and  at 
some  future  time  this  too  will  be  accom- 
plished. That,  economy  and  humanity  travel 
hand  in  hand  is  just  beginning  to  be  recog- 
nized, and  most  notably  so  in  our  own  United 
States. 

The  firemen  in  our  boiler  plant  will  in  the 
future  be  far  better  paid,  their  working  hours 
will  not  be  excessive,  and  the  boiler  rooms 
will  be  better  ventilated.  The  firemen  will  be 
given  a  direct  financial  interest  in  eliminat- 
ing the  preventable  waste  of  fuel;  they  will 
receive  specialized  education  to  enable  them 
to  produce  very  large  economies  that  only 
await  such  educational  incentive.  They  will 
become  skilled  workers  who  will  annually 
save  for  their  companies  ten  and  twenty 
times  the  increase  in  their  wages.  They  will 
feel  the  spirit  of  encouragement  and  co-oper- 
ation from  their  superiors,  and  when  they 
are  taught  the  value  of  combining  brain 
with  brawn  their  future  will  become  wider, 
brighter,  and  more  useful. 

The  future  for  the  factory  ovmers  will 
present  a  radically  different  and  better  view 
than  under  the  present  backward  conditions. 
It  will  bo  jjositively  known  whether  one-quar- 
ter of  the  coal  is  being  needlessly  wasted 
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Guesswork  will  become  a  relic  of  the  past. 
Simple  but  reliable  boiler-room  accounting 
systems  will  prevail,  and  there  will  be  great 
wonderment  as  to  why  such  a  policy  had  not 
been  adopted  years  and  years  before. 

It  will  be  known  in  the  manager's  oflBce 
just  what  evaporation  the  expensive  coal 
should  produce,  and  just  how  closely  this 
standard  of  eflSciency  is  being  maintained. 
The  fuel  cost  of  evaporating  1,000  pounds  of 
steam  will  be  as  much  a  matter  of  common 
information  as  the  unit  cost  of  production 
in  the  factory,  or  as  profits  and  dividends 
at  the  end  of  the  year. 

Strikes  and  troubles .  with  the  men  in  the 
boiler  plant  will  become  very  unusual,  for 
the  men  will  be  contented.  They  will  share 
\n  the  profits  of  saving  coal  on  a  bonus  or 
similar  plan  so  that  they  are  owe  with  the 
company  in  their  interest  and  incentive  to 
save  money. 

Safety  methods  and  appliances  will  be  pro- 
vided in  the  power  plants  of  the  future  and 
the  economic  result  of  all  these  things,  simple 
changes  in  themselves,  will  be  the  saving  of 
^lions  of  dollars '  worth  of  coal  to  increase 
the  profits  of  our  manufacturers. 

If  this  reform  were  instituted  to-day,  New 
England's  manufacturers  alone  would  add 
^>000,0OO  to  their  yearly  profits.    This  esti- 
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mate  is  conservatively  based  upon  the  annual 
factory  coal  bill  in  these  States  and  upon  tho 
extent  of  preventable  losses  which  I  have 
found  to  exist  in  the  boiler  plants  of  our 
industrial  establishments.  The  firemen  in 
the  boiler  plants  v^"  some  day  share  in  the 
division  as  well  as  i  the  producing  of  these 
extra  dividends.  I  firemen  can  wai^te  or 
save-  this  money.  It  is  in  their  hands.  There- 
fore the  sooner  this  v<  realized  bt/  owners, 
and  the  sooner  they  offer  a  just  share  of  the 
proceeds  to  the  men  vho  tcork  with  funiacc 
and  shovel,  the  sooner  will  these  great  re- 
sults be  achieved. 

But  these  large  and  worth-while  economies 
can  be  successfully  gained  only  by  means  of 
careful  and  intelligent  application  of  system 
based  upon  scientific  knowledge.  It  will  not 
be  sufficient  to  arrange  with  the  firemen  that 
they  shall  receive,  say,  a  quarter  of  the  value 
of  the  coal  tliey  save  for  the  company.  A 
manufacturing  plant  never  uses  the  same 
quantity  of  steam  for  two  successive  months 
or  years.  This  constantly  varies  with  the 
weather,  with  the  output  of  the  factory,  with- 
changes  of  machinery  or  process,  with  in- 
crease or  decrease  of  the  business,  and  witb 
other  conditions.  Consequently  so  crude  a 
scheme  would  be  sure  to  fail. 

But  it  is  possible  to  place  the  bo 
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on  a  productive  basis  in  the  same  way  in 
which  other  departments  of  any  progressive 
manufacturing  establishment  are  now  han- 
dled. Measure  the  expense  and  the  product, 
and  get  the  unit  cost  of  production.  Weigh 
the  coal  and  the  water  and  get  the  evapora- 
tion per  pound  of  coal. 

//  is  true  that  there  are  certain  variable 
factors  influencing  the  standards  of  evapora- 
tion in  different  plants.  But  it  is  quite  prac- 
ticable to  set  an  efficiency  standard  of  evap- 
oration for  any  given  plant  which  shall  in- 
clude all  of  these  factors,  and  this  is  already 
being  done.  Thus  for  any  individual  plant 
an  evaporation  standard  may  be  set  which 
shall  take  into  accurate  account  the  average 
steam  pressure,  feed  temperature,  and  heat- 
"ig  value  and  moisture  of  the  coal  as  well 
as  the  type  and  design  of  boiler  and  furnace 
equipment. 

Thus  in  setting  the  evaporation  standard 
recently  for  three  different  mills  using  the 
same  coal,  for  which  all  of  the  above  factors 
^6re  computed  into  the  final  results,  I  found 
two  of  the  mills  to  require  a  standard  of  8.8 
pounds  of  water  per  pound  of  coal  while  the 
standard  of  the  third  was  8.3  pounds.  At 
these  standards  all  three  plants  would  oper- 
ate at  exactly  the  same  boiler  and  furnace 
efficiency  to  make  the  weekly  bonus  payable. 
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but  a  lower  evaporation  was  required  of  the 
third  because  it  had  no  feed-water  econo- 
mizer to  assist  toward  the  increase  of  the 
over-all  efficiency,  llius  equal  efforts  of  the 
firemen  themselves  were  equally  rewarded 
quite  independently  of  unequal  plant  equip' 
ments. 

A  very  heavy  loss  of  fuel  today  exists  in 
a  great  many  of  our  plants  which  is  directly 
chargeable  to  running  too  many  boilers.  That 
is  to  say,  the  boilers  are  worked  very  much 
below  their  proper  rated  capacity.  It  is  a 
common  failure  of  managers,  and  some  oper- 
ating  engineers  as  well,  to  run  their  boilers 
at  about  half  their  normal  load.  They  feel 
it  is  *' easier''  to  make  steam  if  they  have 
plenty  of  boilers  on  the  line,  but  they  disre- 
gard the  effect  on  the  coal  bill. 

Ordinarily  a  boiler  gives  the  highest  effi- 
ciency when  operated  at  or  above  its  normal 
rating,  and  one  reason  for  this  is  that  its 
grate  surface  is  designed  for  the  full  horse- 
power output.  Consequently  when  too  many 
boilers  are  under  steam  and  they  are  being 
run  at  say  one-half  their  rating  (a  most  com- 
mon practice)  there  will  be  in  use  twice  the 
grate  area  necessary  for  the  proper  air  sup- 
ply for  the  coal.  With  this  condition,  there- 
fore, it  is  usual  to  find  from  200  to  400  per 
cent    of    surplus    air    passing   through    the 
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grates,  to   the   very   serious   detriment   of 
economy. 

One  reason  why  this  bad  practice  is  so 
prevalent  is  that  no  one  knows  hoiv  much 
horse  poiver  is  being  developed.  With  a 
simple  boiler-room  accounting  system  it  will 
be  known  just  what  the  boilers  are  doing  and 
consequently  how  many  of  the  boilers  should 
be  steaming,  and  large  economies  may  be 
looked  for  from  the  simple  correction  of  this 
trouble. 

The  human  factor  may  be  strikingly  illus- 
trated in  this  connection.  I  have  knowm  a 
factory  superintendent  peremptorily  to  order 
the  engineer  to  fire  a  certain  number  of  boil- 
ers, although  he  had  no  information  what- 
ever to  prompt  him  as  to  the  right  number 
of  boilers  for  eflScient  operation.  A  mistake 
of  this  kind  alone  will  in  many  plants  easily 
make  a  difference  of  one-fourth  of  the  coal 
WU.  A  little  intelligent  reading  of  a  suitable 
boiler  meter  prevents  the  waste  chargeable 
to  such  an  error. 

We  have  thus  far  principally  considered 
the  boilers  and  the  firemen  because,  as  pre- 
viously indicated,  the  greatest  preventable 
^aste  usually  occurs  in  this  department. 

The  chief  engineer  should  always  be  in 
charge  of,  and  responsible  for,  the  entire 
power  plant  and  the   equipment,  including 
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the  boilers  as  well  as  the  engines,  generators, 
pumps,  etc.  In  some  plants  this  concentra- 
tion uf  respoiisiliility  is  not  practised,  and  the 
fire-room,  if  managed  at  all,  reports  sepa- 
rately to  the  factory  superintendent.  This 
method  or  lack  of  w  ~  lod  is  wrong  and  waste- 
ful. 

If  the  chief  eng  r  is  properly  equipped 
for  liis  dutii  i       nt  interest  will  be  the 

efficient  open  is  loiter  plant.    I  must 

ouce  more  cmpbui:  Ihe  important  fact  that 
the  boiler  plant  (  i  a  wider  field  for  the 
practice  of  economj  than  the  engine  plant. 
This  is  universally  true  for  any  given  plant 
where  change  of  equipment  is  not  considered. 

From  close  contact  with  a  great  many  fire- 
men, both  in  and  out  of  the  boiler  house,  I 
have  learntHj  that  they  regard  their  positions 
merely  as  a  step  toward  becoming  operating 
engineers.  They  desire  to  get  out  of  the 
boiler  room  just  as  quickly  as  possible.  And 
who  can  blame  them  under  the  present  usual 
order  of  things,  which  teaches  them  that  fil- 
ing is  only  shoveling  coal  and  working  in  a 
hot  dirty  place  for  low  wages,  and  has  no 
"future"  for  them? 

From  these  men  brought  up  in  this  en- 
vironment, the  chiff  engineers  are  rirndnppti. 
No  wonder  they  feel  like  keeping 
fire-room  when  once  they  are  ac 
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the  engine  room !  And  they  do !  That  is,  the 
majority  do,  and  so  the  coal  bill  goes  merrily 
on  as  big  as  ever.  Here,  then,  is  another 
hmnan  factor.  The  strong  tendency  is  for 
the  chief  engineer  to  disregard  the  eflSciency 
of  his  boilers  because  while  still  a  fireman 
he  was  never  taught  the  economy  of  skillful 
firing,  or  if  by  chance  he  did  obtain  a  vague 
idea  of  the  amount  of  coal  he  could  thus 
save,  he  learned  at  the  same  time  that  it 
didn't  pay  to  take  the  trouble.  No  records 
were  kept  which  would  enable  the  firm  to 
know  the  value  of  a  good  fireman.  Therefore 
it  did  not  pay  to  be  one.  Most  of  us  would 
feel  the  same  way  about  it.  This  state  of 
affairs  is  typical  of  factory  power  plants 
today. 

It  is  easy  to  understand  why  the  chief 
CDgbeer  does  not  try  to  produce  better  effi- 
ciency in  the  fire  room.  There  are  always 
of  course  some  exceptions,  but  even  so  the 
^ork  of  producing  efficiency  is  extremely  dif- 
ficult without  such  systematic  boiler-room 
records  as  have  already  been  briefly  outlined. 

The  chief  engineer  may  take  a  great  pride 
in  keeping  up  his  engines  and  steam  machin- 
ery. In  fact  he  usually  does.  He  has  gone 
^to  this  business  because  he  happens  to  bo 
of  a  mechanical  turn  of  mind,  and  he  likes 
to  see  smooth-running  mechanisms  well  main- 
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tainetJ.  He  will  generally  be  extremely  care- 
ful to  have  the  steam  valves  of  his  engines 
nicely  set  for  the  best  degree  of  cut-off  and 
compresaion,  and  be  will  not  put  up  with 
leaky  packings  or  drip])ing  pipe  joints. 

The  explanation  "  gain  siniplt'.  lie  has 
had  to  learn  tbet^e  iiijs  in  order  to  pass 
bis  engineer's  lit  -  exarainations.  And 
this  knowledge  lead  economy  in  the  engine 
room.  In  the  firema.  s  license  examination, 
however,  the  entire  emphasis  is  placed  npon 
safety.  Practically  no  account  is  taken  of 
the  man's  ability  to  save  coal. 

These  things  then  are  self-evident.  The 
fireman  must  desire  to  save  coal  and  must  be 
taught  how  to  tlo  it;  and  the  chief  engineer 
must  be  brouglit  to  realize  the  importance 
of  bis  personal  attention  to  the  operation  of 
the  boilers  and  be  must  have  adequate  means 
for  checking  flieir  efficiency. 

There  is  frequently  an  entire  lack  of  har- 
mony between  the  chief  engineer  and  his 
firemen.  There  is  in  many  cases  a  tendency 
on  the  part  of  the  chief  to  hold  his  men  "nn- 
der",  sometimes  with  the  idea  of  preventing 
them  from  learning  enough  to  fill  his  own 
position.  This  is  a  wrong  attitude  and  never 
leads  to  economy.  I  have  found  inescusa^^" 
wastefulness  in  the  fire-room  under  si 
conditions. 
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On  the  other  hand,  one  of  my  friends  in 
the  operating  field  spends  his  first  month  in 
a  new  place  making  friends  with  his  men  and 
learning  to  understand  them.  The  result  is 
that  in  the  plant  of  his  present  employers  he 
has  reduced  the  former  coal  consumption  by 
about  $40,000  per  year.  In  the  plant  pre- 
vious to  this  one  he  effected  a  similar  econ- 
omy while  employing  the  same  policy  of 
friendship,  co-operation,  and  the  gradual 
education  of  his  men. 

I  have  already  implied  the  necessity  of 
desire  on  the  part  of  operatives  to  produce 
high  results,  and  in  order  to  induce  this  de- 
sire the  simplest  and  most  direct  expedient 
is  to  give  them  a  proportional  interest  in  the 
fiiiancial  gains  which  they  produce. 

But  in  addition  to  this  measure,  a  practical 
example  of  which  has  been  quoted,  the  factor 
^^  education  must  not  be  neglected  if  perma- 
nent results  are  to  be  achieved. 

In  view  of  the  intricacies  of  the  science 
0^  combustion,  it  might  readily  be  inferred 
that  the  education  of  the  fireman  is  a  difficult 
^  not  impossible  task.  But  under  proper  in- 
struction I  have  seen  a  very  ordinary  fireman 
^f  not  over  average  intelligence  increase  his 
daily  evaporation  from  6  pounds  to  9  pounds 
^f  Water  per  pound  of  coal.  This  was  ac- 
^mplished  in  a  week's  time,  and  with  the 
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aid  of  a  very  simple  oofJ-and-water-reoordr 
ing  system.  Many  persons  saooessfully  op- 
erate automobiles.  And  yet  only  an  extreme- 
ly small  percentage  of  these  wonld  be  able 
to  explain  or  even  to  discuss  the  mathematics 
or  thermodynamics  of  the  intemal-combos- 
tion  engine.  It  is  the  same  way  with  the 
average  fireman.  It  is  easily  possible  and 
practicable  to  teach  him  to  obtain  and  mun- 
tain  a  good  efficiency  with  his  boilers  and  fur- 
naces without  attempting  to  convert  him  into 
a  scientific  specialist. 

So  far  has  the  economy  of  efficient  com- 
bustion come  to  be  recognized  in  very  reomt 
years  tliat  I  have  heard  it  stated  by  eminent 
authorities  that  the  fireman  is  becoming  an 
institution  of  the  past,  and  in  the  future  it 
is  well  within  the  range  of  possibility  that 
graduates  of  technical  schools  will  operate 
the  boilers  of  our  large  central  stations.  The 
work  of  firing  in  these  great  power*  stations 
is  for  the  most  part  by  mechanical  means, 
and  the  regulation  of  the  chemical  process 
of  combustion  is  closely  guarded  by  the  aid 
of  scientific  instruments^  including  sensitive 
draft  and  pressure  gauges,  pyrometers,  and 
combustion  recorders.  It  may  therefore  be 
readily  comprehended  in  such  circumstances, 
and  especially  where  so  tremendous  a  con- 
sumption of  high-priced  coal  is  at  stake,  that 
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the  man  who  understands  combustion  from  a 
scientific  standpoint  may  easily  save  his  high 
salary  every  few  days  by  the  percentage  of 
economy  which  his  knowledge  will  enable  liim 
to  effect,  even  if  that  percentage  is  very 
small. 

In  these  great  centres  of  concentrated 
power  production  the  mechanical  equipment 
and  design  approach  perfection  to  within  a 
reasonable  degree.  But  these  constitute  only 
one  factor  of  the  two  which  must  ever  be 
united  for  success  in  the  development  of  eflR- 
ciency. 

The  other  factor  is  operation.  And  this 
is  purely  a  human  factor,  which  unless  so 
regarded  will  render  unavailing  all  the  sci- 
ence and  expense  which  has  entered  into  the 
design  and  installation  of  our  elaborate  mod- 
em power  plant. 

This  point,  which  is  only  beginnhig  to  re- 
ceive its  due  recognition,  cannot  be  over-em- 
phasized.    Efficiency  equals  suitable  equip- 
ment multiplied  by  operation.    And  since  op- 
eration consists  essentially  and  cxclusivoly 
of  the  human  element,  we  may  set  it  down 
that  Efficiency  equals  the  product  of  Equip- 
ment multiplied  by  the  Human  Factor.    This 
ft      may  be  a  new  formula  for  efficiency,  but  it 
18  perfectly  self-evident  and  it  has  been  dem- 
onstrated in  practice  thousands  of  times  un- 
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failingly.  Personally  I  have  never  investi- 
gated a  factory  power  plant  where  I  have  not 
found  that  EflBciency  =  E  x  H,  in  which  E 
equals  Equipment  and  H  equals  the  Human 
Factor. 

If  the  reader  desires  a  further  proof  let 
him  test  the  formula  by  process  of  elimina- 
tion, and  before  he  finds  a  single  case  that 
does  not  perfectly  conform  he  will  be  so 
exhausted  with  his  labors  that  he  will  be 
ready  to  admit  its  value. 

It  is  natural  that  in  the  past  when  equip- 
ment was  crude  our  attention  should  have 
been  almost  solely  concentrated  upon  inven- 
tion and  design  of  power  apparatus.  But 
mind  as  well  as  matter  suffers  from  the  effect 
of  inertia.  So  that  at  the  present  time,  when 
proportionately  more  can  be  accomplished  by 
working  with  the  human  factor,  our  minds 
by  virtue  of  inertia  alone  are  carried  along 
the  old  track  of  invention  and  design  and  we 
are  inclined  to  neglect  the  now  more  impor- 
tant field. 

Doubtless  we  shall  still  further  improve 
our  power  machinery,  but  the  margin  for  thi» 
kind  of  improvement  is  now  limited,  and  th^ 
time  is  past  due  when  the  pendulum  should 
begin  to  swing  in  the  direction  of  the  other 
clement  of  efficiency,  that  is,  towarU  the 
human  factor. 
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We  have  briefly  discussed  the  personnel  of 
the  operatives,  but  the  human  factor  as  re- 
lated to  the  management,  including  the  presi- 
dent and  board  of  directors,  counts  more  for 
or  against  efficiency  than  all  the  other  ele- 
ments combined.    They  are  the  brains  of  the 
industry,   and  if  they  fulfill   their   proper 
ftmction,  they  will  directly  control  its  poli- 
cies in  every  important  phase  of  its  activity, 
r/ie  personal  ideals  of  the  president  are  re- 
futed in,  and  permeate,  every  department 
of  his  factory.    This  applies  to  both  large 
and  small  industries  and  is  a  matter  not 
alone  of  theory,  but  of  direct  and  close  obser- 
vation.   Over  and  over  again,  without  fail, 
have  I  seen  this  truth  demonstrated. 

If  the  power  plant  is  allowed  to  drift  along 
in  a  wasteful,  haphazard  and  often  dangerous 
Planner  this  state  of  things  is  directly  charge- 
able to  the  management ' '  higher  up. ' '  They 
^one  are  responsible  for  the  operation  of 
thdr  plant  and  it  is  entirely  within  their  con- 
M  to  alter  these  conditions.  If  the  presi- 
dent and  his  board  consider  the  power,  light 
and  heating  as  unimportant  details,  these 
Blatters  will  likewise  be  so  considered  by  the 
factory  manager,  the  master  mechanic,  the 
chief  engineer  and  the  firemen ;  and  this  at- 
niosphere  of  carelessness,  often  unconscious- 
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ly  created,  will  invariably  lead  to  a  condition 
of  wastefulness  and  ineflBciency  in  the  power 
plant. 

In  defence  of  the  management  it  may  be 
said  that  there  do  at  times  prevail  such  a  set 
of  circumstances  that  power-plant  economy 
must  be  sacrificed  in  favor  of  other  and  more 
important  considerations. 

Such  a  period  of  pressure  is  never  a  last- 
ing one,  but  if  the  trend  is  in  this  direction, 
it  is  advisable  to  make  a  determined  effort 
to  attack  the  power  problem  in  the  immediate 
future,  otherwise  operation  and  equipment 
will  so  rapidly  deteriorate  that  only  a  dis- 
proportionately large  expenditure  of  time 
and  money  will  be  able  to  re-establish  normal 
efficiency  standards. 

I  cannot  conscientiously  close  this  chapter 
without  at  least  calling  the  attention  of  my 
readers  to  the  importance  of  safety  in  the 
power  plant.  This  naturally  is  an  element 
of  the  human  factor,  and  to  it  distinctly  ap- 
plies the  great  truth  previously  set  down: 
that  '^humanity  and  economy  travel  hand  in 
hand",  and  where  the  one  exists  the  other 
tvill  be  found. 

So  much  has  recently  been  said  and  written 
in  connection  with  the  rapidly  increasing 
** Safety  First"  movement  that  I  shall  not 
attempt  to  duplicate  any  of  these  efforts  ex- 
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cept  in  so  far  as  they  directly  apply  to  the 
factory  power  plant.  But  I  do  earnestly  de- 
sire to  call  particular  attention  to  the  follow- 
ing matters  which  deserve  the  thoughtful  ex- 
amination of  all  power-plant  owners  and 
managers. 

In  case  of  the  blowing  out  of  a  boiler  tube 
or  similar  rupture,  the  steam  from  all  the 
other  boilers  on  the  same  main  will  rush  back 
into  the  injured  boiler  and  the  resulting  dam- 
age will  be  vastly  magnified,  with  the  usual 
or  old-fashioned  method  of  piping.  This 
action  may  be  prevented  by  the  use  of  a  non- 
return stop  valve  inserted  on  the  lead  be- 
tween each  boiler  and  the  steam  main.  This 
will  automatically  close  and  shut  off  the  rup- 
tured boiler.  Every  plant  consisting  of  more 
than  one  boiler  should  be  equipped  with  this 
valve,  of  which  a  number  of  reliable  makes 
are  now  available.  These  valves  should  bo 
nsed  in  shutting  down  and  ** cutting  in"  boil- 
ers to  insure  their  constant  working  condi- 
tion. 

A  frequent  cause  of  boiler  explosions  is 
the  ** cutting  in"  of  a  boiler  to  the  steam 
niain  before  its  pressure  has  reached  that  of 
the  other  boilers.  The  non-return  valve  ren- 
ders this  occurrence  an  impossibility.  Con- 
sequently these  appliances  cannot  be  too 
strongly  recommended. 
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1  lere  have  been  cases  where  a  man  wbc^ 
was  cleaning  or  repairing  the  inside  of  a- 
dead  boilor  was  literally  cooked  to  death  bj^ 
the  entrance  of  steam  from  other  boilers. 
Tbis  may  be  caused  by  the  failure  of  th& 
steam  valve  if    '  s  but  one  on  the  lead 

between  the  boiler  1  header.  Hence  two 
valves  are  recomm,  led,  principally  as  a 
good  form  of  life  insurance  for  the  men  who 
have  to  enter  the  h  ers.  And  this  should 
be  sufficient  reason  f  r  the  reeoramendatiou 
although  there  are  c  er  practical  operating 
advantages. 

The  two-valve  idea  applies  with  almost 
equal  force  to  the  blow-off  piping,  and  for 
the  same  reason,  although  in  this  case  owing 
to  leakage  and  other  troubles,  two  valves  be- 
tween each  boiler  and  the  blow-off  main  are 
usually  provided. 

Sometimes  the  unfortunate  man  inside  of 
the  boiler  suffers  his  appalling  fate  because 
of  the  carelessness  of  another  man  outside 
who,  unaware  of  his  companion's  location, 
opens  a  steam  or  blow-off  valve  connecting 
to  this  boiler.  The  best  preventive  for 
such  accidents  consists  in  the  use  of  a  lock- 
ing device  for  both  the  steam  and  blow-off 
valves.  This  contrivance  is  simply  "  armmul 
form  of  wire  basket  which  in  use 
the  valve  wheel.    It  is  locked  in  ] 
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the  man  who  is  to  enter  the  boiler  takes  the 
key  with  him,  thus  insuring  his  own  safety. 
These  contrivances  are  recommended  by  the 
American  Museum  of  Safety  and  are  very 
inexpensive.  It  is  hardly  necessary  to  say 
that  their  use  is  reconunended  except  on  a 
steam  lead  which  is  provided  with  a  non- 
return valve. 

Occasionally  an  engine,  through  water  in 
the  cylinder,  may  blow  out  its  cylinder  head, 
or  a  main  steam  line  may  burst.     Either 
occurrence  results  in  a  violent  strain  in  the 
boilers  owing  to  the  sudden  drop  in  pressure 
and  the  consequent  development  of  steam 
with  abnormal  rapidity.     Other  more  com- 
plicated reactions  enter,   and  the  ultimate 
result  may  be  a  boiler  explosion.    The  pre- 
vention of  this  class  of  accident  may  be  by 
the  employment  of  safety  stop  valves;   or 
by  the  installation  of  a  main  stop  valve,  hand 
operable  from  a  safe  location.     The  former 
is  the  more  thorough  method  and  accom- 
plishes its  purpose  by  automatically  shutting 
off  the  boilers  from  the  steam  main  when 
the  sudden  flow  of  steam  causes  this  abnor- 
mal condition.     The  only  objection  to  this 
method  is  that  these  special  valves,  which 
combine  the  two  functions  of  stopping  a  sud- 
den flow  of  steam  either  out  of  or  into  a 
boiler,  are  more  or  less  complicated  and  must 
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beiiso<l  daily  antl  carefully  attended  to  to  h 
sure  a  eontiniiously  fit  condition. 

The  second  method  is  simpler  though 
does  not  cover  the  safety  of  that  portion  i 
the  steam  header  which  lies  between   tb 
device  and  the  boilers.     All  that  is  neede 
however,   is  a  good  substantial   gate  vah 
whose  stem  is  connecteil  by  chain  or  gearin 
in  such  a  manner  as  to  afford  quick  closio 
from  the  floor  of  the  boiler  room.    This  pli 
is    illustrated    in    Figs.    15,    16,      When 
accident  occurs  of  the  class  indicated, 
engine-room  staff  are  quite  free  to  make  thd 
escape  in  the  easiest  manner,  while  a  firem 
on  the  safe  side  of  the  dividing  wall  clo« 
the  main   stop  valve  without  the  slighta 
risk  to  his  own  person. 

Other  combinations  of  these  two  genen 
methods  of  protection  are  also  possible  £ 
they  may  best  be  chosen  to  suit  the  existil 
local  conditions. 

Safety  Fire  Dooks 
One  of  tbe  most  common  of  accidents  i 
the  burning  and  blowing  out  of  boiler  tuba 
This  inaj'  result  in  loss  of  life,  but  a  seriool'J 
scalding  at  the  least  may  be  expected.  The 
safeguarding  of  such  damage  is  aooompUsbed 
by  the  use  of  inward  opening  or  safety-latdl 
fire  and  cleaning  doors.     Since  they  with- 
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stand  the  pressure  of  the  escapmg  steam  it 
is  entirely  confined  within  the  boiler  setting, 
and  therefore  finds  for  itself  a  natural  and 
harmless  vent  through  the  smoke  connec- 
tions. 

In  many  boiler  rooms  a  source  of  danger 
lies  in  the  very  confined  space  or  alley  al- 
lowed at  the  rear  of  the  settings.  In  case  of 
a  bursting  blow-off  pipe  or  fitting  it  is  diflS- 
cult  for  a  man  in  this  place  to  make  a  safe 
escape.  The  remedy  is  largely  one  of  initial 
design.  Ample  passages  for  free  exits  from 
every  part  of  a  boiler  room  should  be  pro- 
vided. An  alley  at  least  four  and,  better  yet, 
six  feet  wide  should  be  planned  at  the  rear 
of  the  boilers,  and  similar  spacing  should  be 
made  between  the  various  batteries. 

The  back  combustion  arch  is  a  point  of 
danger  almost  universally  disregarded.    The 
heat  at  this  location  renders  the  arch  a  nor- 
mally weak  structure.     Should  a  man,   in 
passing  over,  break  through  he  would  be 
burned  alive.     Yet  when  I  advised  an  en- 
gineer in  charge  to  provide  against  this  dan- 
ger by  a  small  iron  grating  his  answer  was 
that  '*  Nobody  but  a  fool  would  walk  over  a 
rear  combustion  arch.'^     Perhaps   he   was 
right,  but  if  so  I  too  am  included  in  his  list  of 
one  of  the  numerous  classes  of  fools. 

Those  arches  belonging  to  the  type  advo- 
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cated  by  the  Hartford  Steam  Boiler  Insur- 
ance &  Inspection  Company  are  the  safest 
and  strongest.  The  brickwork  is  reinforced 
by  cast-iron  beams  which  are  themselves  pro- 
tected from  the  heat.  In  any  case  it  is  a 
simple  and  inexpensive  matter  to  prevent  an 
a\vful  possibility  by  laying  a  small  iron  grat- 
ing bridging  over  the  rear  combustion  arch. 

For  the  quick  and  safe  operation  of  valves, 
there  should  be  plain  marks  of  some  kind  to 
indicate  the  nature  of  the  piping.    Some  en- 
gineers resort  to  the  simple  use  of  markers 
or  signs  attached  to  the  principal  valves. 
Others  adopt  the  more  elaborate  method  of 
coloring  the  piping,  employing  a  separate 
color  for  each   individual  class  of   service. 
One  or  the  other  of  these  systems  should  be 
installed  in  every  plant  Avherein  the  manage- 
ment places  a  proper  value  on  safety  and 
efficiency.    In  many  cases  it  is  necessary  to 
get  quickly  to  the  top  of  the  boilers  when 
delay  may  result  in  damage  or  accident.    A 
great  many  plants  have  no  provision  for  such 
contingencies.      A    permanent    iron    ladder 
should  be  secured  in  position  for  quick  and 
easy  access  to  each  battery  of  boilers. 

In  the  engine  room  the  prime  requisites 
for  safety  are:  good  light  and  ventilation, 
careful  guarding  of  fly-wheels,  belts,  pits  and 
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other  points  of  danger,  and  the  application 
of  safety  engine  stops. 

The    last    alone    should    require    further 
discussion  and  that  may  be  brief.    A  good 
installation  prevents  the  engine  from  run- 
ning away  in  case  of  accident  to  the  governor 
or  gearing.     The  bursting  of  a  fly-wheel  is 
often  as  serious  in  its  results  as  a  boiler 
explosion  with  its  attendant  loss  of  life  and 
propert)\     The  safety  stop  is  designed  to 
prevent  such  an  occurrence. 

Furthermore,  should  a  worker  become  en- 
tangled in  the  machinery  in  any  part  of  the 
factory,  the  engine  or  engines  can  be  instant- 
ly shut  down  by  pressing  a  button  close  by 
the  location  of  the  accident. 

There  are  many  further  details  that  might 
be  mentioned,  but  it  is  desired  to  set  forth 
only  those  special  features  making  for  safe- 
ty which  though  most  essential  are  too  fre- 
quently neglected. 

We  may  in  the  near  future  expect  the  en- 
actment of  better  boiler  laws  in  New  York 
State  which  shall  govern  both  operation  and 
design.  These  laws  will  compel  the  adoption 
of  practically  all  the  recommendations  which 
I  have  just  made.  An  effort  is  also  being 
made  for  the  adoption  of  Federal  laws  which 
shall  provide  equal  protection  to  boiler  users 
in  every  State  of  the  Union.    This  is  a  most 
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necessary  measure.  In  some  States  the  legis- 
lation is  so  absolutely  inadequate  to  the  ef- 
fectual enforcement  of  safety  in  operation 
that  hundreds  of  boiler  plants  are  as  danger- 
ous as  hidden  bombs. 

The  lap-riveted  boiler  is  essentially  of 
weak  design  and  the  nature  of  its  construc- 
tion is  such  as  to  cause  a  constant  process  of 
weakening  along  the  longitudinal  seams. 
This  is  thoroughly  understood  and  admitted 
by  engineers,  insurance  companies,  and  de- 
signers; and  yet  many  such  boilers  are  in 
use  under  crowded  sidewalks  in  New  York 
City  today.  All  legislation  for  improved 
protection  should  cover  the  use  of  present 
boilers,  that  is  to  say,  of  old  installations  as 
well  as  new.  Otherunse  the  present  dangers 
will  continue  for  years  to  come  in  spite  of  the 
new  laws. 

The  American  Society  of  Mechanical  En- 
gineers through  a  competent  committee  have 
prepared  a  preliminary  report  and  recom- 
mendations for  sound  legislation  for  better 
boiler  protection,  and  this  should  receive  the 
loyal  support  of  all  users,  makers  and  en- 
gineers. 

For  the  conclusion  of  this  chapter  on  the 
Human  Factor  I  may  advisedly  repeat  that 
which  I  have  already  set  down. 
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Efficiency  is  ever  the  product  of  equipment 
(^^i  operation.. 

As  for  equipment,  while  we  may  still  look 

forward  to  improvement,  the  gain  in  this 

direction  is  bound  to  be  slow,  for  the  margin 

of  betterment  is  now  limited  in  view  of  the 

best  that  is  already  attainable.    But  in  the 

direction  of  operation,  the  outlook  offers  a 

great  future.    Great  for  the  factory  owners 

^nd  managers  and  great  for  the  men  who 

^ork  in  their  power  plants.    Operation  deals 

^^clusively  with  the  human  element,  and  the 

degree  of  efficiency  betterment  which  tee  shall 

<>htain  will  depend  upon  the  intelligence  and 

^Pon  the  amount  of  love  for  humanity  which 

^^  shall  weave  into  our  efforts  and  express 

**  practical  achievement. 

The  pendulum  has  already  begun  to  swing 
^  this  direction,  and  as  it  acquires  accelera- 
tion we  shall  see  more  and  more  clearly  the 
truth,  which  in  my  own  limited  and  special 
field  of  work  has  been  so  forcibly  brought 
home  to  me. 

For  the  operation  of  this  law  (for  such  I 
believe  it  to  be),  in  the  world-wide  field  of 
industry,  I  would  sincerely  recommend  the 
reading  of  a  very  remarkable  book  which 
has  proved  an  inspiration  to  so  many  besides 
Diyself.  It  is  ''The  New  Industrial  Day'', 
written  by  William  C.  Eedfield,  now  Secre- 
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tary  of  Commerce  and  Labor  in  the  United 
States  cabinet. 

To  return  to  my  lesser  and  more  contracted 
subject  of  Factory  Power  Plants,  I  would 
call  to  your  final  attention  the  fact  that  the 
man  who  works  in  your  fire-room  can  save 
or  lose  one-quarter  of  your  yearly  coal  bill. 
Your  chief  engineer  holds  additional  gains 
or  losses  in  his  hands.  And — ^well,  what  are 
you  doing  about  it! 


Chapter  X 

EFriCIENCY   SYSTEMS   FOR  BOILER 

PLANTS 

IF    liigli    results   are   to   be   obtained,   an 
efficiency   system  must  be  designed  ac- 
cording to  the  human  equipment  of  a  plant. 
Thus  in  a  factory  where  the  superintendent 
is  a  mechanical  engineer,  or  where  the  chief 
engineer  is  a  well-educated  man,  a  finer  and 
more  comprehensive  system  may  be  adopted 
than   would  be  practicable  in  the  case  of 
"ordinary"    factory   conditions,    where    no 
one  is  employed  who  is  competent  to  calcu- 
late even  the  simplest  kind  of  power-plant 
problems.    In  the  latter  type  of  plant  a  sys- 
tem must  be  devised  which  will  reduce  the 
necessity   for   calculations   to   the   absolute 
minimum. 

With  this  object  in  view  I  have  standard- 
ized the  efficiencies  of  three  plants  operated 
by  one  company  in  such  a  manner  that  the 
only  calculation  required  at  the  end  of  each 
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day  is  the  simple  division  of  one  number  by 
another.  In  other  words,  it  is  only  necessary 
to  obtain  the  actual  weight  of  coal  consumed 
and  of  the  water  evaporated  in  order  to 
know  the  efficiency  of  operation  and  whether 
or  not  the  bonus  has  been  earned. 

Since  the  evaporation  per  pound  of  coal 
by  itself  signifies  nothing  whatever  as  to  the 
efficiency  obtained,  it  is  necessary  to  compute 
into  the  '/standards  of  evaporation"  all  the 
aflfecting  factors  as  they  are  found  by  careful 
investigation  to  exist  in  any  given  plant 
where  such  standards  are  desired. 

These  other  factors  are:  the  average  heat 
value  per  pound  of  dry  coal,  the  average  per- 
centage of  moisture  in  the  coal  as  delivered 
to  the  fire-room,  the  average  temperature  of 
the  feed  water,  and  the  average  steam  pres- 
sure maintained.  Of  course  these  factors  will 
vary  slightly  in  the  same  plant  from  time  to 
time,  but  for  commercial  purposes  they  will 
not  vary  sufficiently  to  alter  the  value  of  the 
system.  If  some  change  of  coal  is  made  or  if 
a  new  heater  for  instance  changes  the  tem- 
perature of  the  feed  water,  the  standards 
given  may  be  modified  to  meet  these  new  con- 
ditions by  a  simple  percentage  factor,  as  will 
be  noted. 

The  computation  and  notes  on  the  use  of 
the  evaporation  standards  for  the  three  fac- 
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tory  plants  above  mentioned  are  given  below, 
together  with  the  bonus  system  laid  out  for 

tliis  case. 

COAL   STANDARD 

The  coal  used  at  this  plant  contains  an  average 
of  14,300  B.t.u.  per  dry  lb.  (Coal  in  test  contained 
14,392  B.t.u.  and  6.33  per  cent  moisture.) 

Moisture  assumed  to  average  6  per  cent. 

Then  the  net  heating  value  of  the  average  coal  will 
beobtamed  as  follows: 

Total  heat  in  a  pound  by  deducting  the 

moisture— 94  per  cent  (14,300  B.t.u.)  13,442  B.t.u. 
Heat  consumed  by  evaporation  of  0.06 

lb.  moisture  and  raising  same  from 

72  degrees  to  a  flue  temperature  of 

452  degrees    =   0.06  [(212—72)   + 

970  +  0.48  (452  —  212)]  = 74  B.t.u. 

Net  available  B.t.u.  per  lb.  of  coal 
weighed  in  fire-room 13,368  B.t.u. 

EFFICIENCY  STANDARD 

With  your  equipment  a  fair  standard  of  eflBciency 
with  proper  handling  of  fires  would  lie  between  65 
Mid  71  per  cent.  This  lower  mark  is  readily  obtain- 
able without  great  effort,  and  its  maintenance  will 
result  in  a  large  saving  over  the  present  mode  of 
operation.  In  accepting  this  standard  it  is  to  be 
Doted  that  when  the  boiler  test  was  made,  No.  1 
Diill  came  within  one  point  of  the  standard,  although 
the  day  before  I  foimd  the  same  boilers  being  oper- 
ated at  about  50  per  cent  efficiency.  Raising  the 
efficiency  from  50  per  cent  to  65  per  cent  means  a 

^ving  of  ^      ~      ^  =  23  per  cent  of  fuel. 
(65) 
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I  therefore  recommend  65  per  cent  as  the  standar^i 
of  efficiency  at  all  tiiree  mills,  although  I  believe  thi^ 
mark  will  be  passed  after  practice  with  the  account^ 
ing  system. 

I  have  converted  this  standard  into  a  figure  of 
actual  evaporation  per  pound  of  coal  made  ^eparaklif 
for  each  plant.    This  will  eliminate  all  computatioa 
with  the  exception  of  dividing  the  water  by  the  ood 
at  the  end  of  each  day. 


COMPUTATION  OF  EVAPORATION  8TANDABDB 

Mill  No.  1 

The  standard  for  this  plant  is  based  on  the  feed 
water  from  the  economizer  entering  the  boilers  at  an 
average  of  230  degrees. 

A  change  of  10  to  11  d^rees  in  the  entering  feed 
water  affects  the  standard  1  per  cent.  Thus  if  the 
feed  water,  by  improving  the  arrangement  of  the 
feed-water  heaters  at  this  plant,  shomd  become  250 
degrees  instead  of  230  degrees,  it  would  be  rigfit  to 
raise  the  standard  of  evaporation  by  2  per  cent. 

However,  with  230  degrees  and  100  lb.  boiler  pres- 
sure, the  factor  of  evaporation  for  this  plant  is  IXXL 

The  efficiency  standard  of  65  per  cent  therefore 
calls  for  an  actual  evaporation  of  8.78  lb.  of  water 
per  lb.  of  coal  as  weighed  in  the  fire-room,  deduced 
as  follows: 

^  ^-       Actual  evaporation  X  1.02  X  970 

°  ^^  = ^;3^ 

0.65  =  Actual  evaporation  X  0.074 
rT^fi  =  Actual  evaporation  =  8 .  78 

Hence  we  have  the  standard  of  evaporation  for  No.  1 
miU,  8.8  lb. 

This  is  found  simply  by  dividing  the  actual  water 
by  the  actual  coal  consumed. 
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• 

All  the  other  factors  have  been  taken  care  of  in 
the  setting  of  this  standard. 

For  your  convenience,  however,  should  a  change 
occur  in  the  average  temperature  of  your  feed  water, 
mply  add  or  subtract  one  per  cent  to  the  evapora- 
tion standard  for  each  10  degrees  change  in  the  feed 
water. 

Mill  No.  2 

The  evaporation  standard  for  this  plant  is  based 
on  100  lb.  steam  pressure  and  179  degrees  feed-water 
temperature.  Its  calculation  and  value  are  given 
below. 

Actual  evaporation  X  1.0737  X  970      ^  ^. 

rpes =  ^  ^^ 

Actual  evaporation  X  0 .  078  =  0 .  65 
^  '  ^  =  Actual  evaporation  =^8.33  lb. 

Mill  No.  3 


The  standard  for  this  plant  is  based  on  the  same 
steam  pressure  and  feed-water  temperature  as  at 
plant  No.  1.  That  is,  100  lb.  pressure  and  230 
degrees  feed-water  temperature. 

The  actucd  evaporation  standard  is  therefore  8,8  Ih. 

When  the  feed  thermometers  recommended  are 
attached  the  temperature  of  the  water  entering  the 
boflers  can  be  ascertained;  and,  as  before  directed,  a 
change  in  the  evaporation  standard  of  one  per  cent 
for  each  10  degrees  difference  in  the  feed  water  should 
be  made.  That  is,  the  evaporation  standard  should 
be  increased  one  per  cent  for  each  10  degrees  rise  in 
the  average  feed  temperature,  and  vice  versa. 

EFFICIENCY  SYSTEM  FOR  THE  BOILER  PLANTS 

Bonus 

For  each  week  during  which  the  evaporation  stand- 
ard of  65  per  cent  is  maintained  I  would  recommend 


that dollars  be  added  to  the  w^cs  of  t 

firemen  of  such  plant. 


To  earn  this  bonus  the  actual  evaporation  must  b 
equal  to  the  following: 


At  Mill  No.  1 

At  Mill  No.  2— 8.3; 
At  MiU  No.  3- 


In  order  to  encourage  1 
would  further  recommem 
70  per  cent  efficipncy  is 
that  plant  receive  a  bop"' 
To  earn  this  extra  bom 
be  equal  to  the  following 


further  improvement,  ] 
it  for  those  weeka  whes 
ntained  the  fireman  c 

dollars  per  w 

.  ictual  evaporation  mm 


Standards  for  Extra  Bonus 

At  Mill  No.  1^ — 9.47  lb.  =  Actual  water  -;-  actual  coaL  ] 
At  Mill  No.  2—8.97  lb.  =  Actual  wat^r  -^  actual  coaL  ' 
At  Mill  No.  3 — 9.47  lb.  =  Actual  water  -i-  actual  coal. 

As  before  stated,  the  three  plants  are  averaging 
far  below  the  65  per  cent  standards  at  the  present 
time,  and  the  company  will  save  a  very  considerable 
amount  of  coal  yearly  by  holding  to  the  above  stand- 
ards.    (See  other  sections  of  this  report.) 

On  a  conservative  estimate  based  upon  your 
present  low  efficiencies  and  large  coal  consumption 
you  will  save  ten  times  the  bonuRes  paid  to  your  fire- 
men for  the  maintenance  of  the  65  per  cent  efficiency 
standards. 


Consider  now  the  ease  of  a  factory  in  ^ 
England  where  the  management  of  the  f 
plant  was  under  the  supervision  of  a  mei 


'■^ 
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^perintendent,  a  technically  trained  en- 
'*  It  was  possible  here  to  install  what 
be  termed  a  direct-acting  eflSciency  sys- 
Here  the  management  determines  for 
the  variable  factors  entering  into  the 
Ltationy  and  then  by  means  of  a  curve 
rated  in  Fig.  17,  inserted  facing  this 
determines  the  efficiency  of  the  boilers 
imaces. 

s  system  entails  a  little  work  of  calcu- 
,  which,  however,  becomes  easy  as  it 
formed  regularly  at  the  end  of  each 
r  week,  and  when  a  slide  rule  is  used 
5  done  in  three  minutes'  time.  This 
d  is  more  accurate  than  the  one  first 
bed,  since  all  variations  in  the  feed 
rature,  the  steam  pressure,  and  the 
ralue  and  moisture  of  the  coal  enter 
liately  into  the  calculation  of  the  effi- 

instead  of  being  used  as  a  combined 
je  factor  as  is  the  case  when  a  * '  stand- 
^aporation"  is  set.  In  other  words, 
;he  system  now  under  discussion  the 
D  charge  must  work  out  and  apply  the 

of  evaporation,  keep  a  check  on  the* 
alue  and  moisture  in  the  coal  received, 
3ply  the  resulting  data  to  the  efficiency 

h  this  more  technical  method  thermal 
icy  itself  is  the  standard,  and  for  the 
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plant  in  hand  an  eflBciency  was  set  which 
several  boiler  tests  proved  to  be  readily  ob- 
tainable under  actual  conditions  of  operation 
and  equipment. 

For  weighing  the  water  fed  to  the  boilers 
a  Venturi  meter  waS  installed  and  the  coal  is 
weighed  as  it  enters  the  fire-room  in  hand 
cars  which  run  over  a  track  scale.  Each  car 
holds  1,000  to  1,500  pounds  of  coal. 

The  result  of  careful  checking  of  the  work 
of  the  boilers  has  shown  an  improvement  of 
about  20  per  cent  in  the  evaporation  for  the 
same  consumption  of  fuel. 

For  details  of  the  efficiency  and  bonus  sys- 
tem recommended  at  this  plant  I  quote  the 
following  section  of  my  report  on  this  subject 
which  may  serve  as  a  guide  for  the  correct 
working  out  and  application  of  such  a  method 
to  any  plant  for  which  its  use  is  suitable. 

It  is  to  be  noted  that  in  setting  the  arnount 
of  bonus  the  amount  of  saving  to  the  firm 
should  be  directly  considered,  and  the  under- 
lying idea  should  be  to  make  the  additional 
sums  paid  to  the  firemen  a  percentage  of  the 
savings  produced  by  their  increased  eflforts. 
Incidentally,  these  greater  efforts  relate  far 
more  to  thonghtfulness  and  care  than  to  mus- 
cular (^xortion.  In  fact,  since  less  coal  will 
be  lian(lI(Hl,  the  tc^ndencv  is  toward  a  reduc- 
tion  of  physical  work. 
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BOILER  EFFICIENCY  SYSTEM 

{From  AiUhor's  Report) 

1.  Determine  the  calorific  power  of  the  average 
nin  of  coal  by  sending  a  sample  of  each  of  several 
car  loads  to  your  chemist. 

With  this  figure  in  hand,  and  setting  70  per  cent 
boiler  and  furnace  eflBciency  as  a  fair  standard  of 
operation,  you  can  use  the  table  on  a  following 
page  to  determine  from  your  coal  and  water  records 
whether  this  efficiency  is  being  maintained  in  the 
operation  of  your  boiler  plant. 

Thus  with  14,000  B.t.u.  in  the  coal  you  should  get 
an  equivalent  evaporation  of  10  J  lb,  per  lb.  of  coal, 
etc. 

2.  While  it  is  a  valuable  test  to  compare  the 
separate  efficiencies  obtained  by  the  different  shifts 
of  firemen,  I  would,  for  the  sake  of  gaining  co- 
operation among  the  men,  bunch  the  results  of  the 
week's  work  and  then  pay  a  lump-sum  bonus  to 
be  equally  divided  among  the  whole  force.  This 
naakes  each  shift  help  the  other  shifts  by  leaving 
the  fires  in  good  condition,  etc.,  and  promotes  good 
feelmg. 

If  any  one  shift  or  man  is  inefficient,  the  eight-hour 
records  will  discover  the  fact  and  they  may  be  trained 
to  better  work  or  dropped  if  necessary.  Under  this 
system  the  firemen  themselves  will  be  interested  to 
elimmate  the  inefficient  men,  since  their  bonuses  are 
thereby  reduced. 

Amount  of  Bonus 

As  insurance  on  your  coal  bill,  it  will  pay  to 
spend  1260  a  year  to  keep  the  efficiency  up  to  70  per 
cent. 

In  past  tests  I  found  the  efficiency  ranged  from 
59  to  71.4  per  cent,  and  the  best  efficiency  (71.4 
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per  cent)  was  obtained  when  the  boilers  were  run  n.t; 
about  normal  rating  and  not  forced,  and  forcing  i^s 
unnecessary  with  your  ample  boiler  capacity. 

This  great  difference  in  possible  efficiencies  easily 
warrants  the  expenditure  of  S260  a  year  for  mairx.* 
taining  the  70  per  cent  standard.. 

As  the  boilers  were  run  principally  under  forced 
conditions,  the  efficiency  was  about  60  per  cent;, 
•  corresponding  to  a  coal  bill  of  $14,000  a  year.  9y 
increasing  the  efficiency  to  70  per  cent  the  coal  biU 
will  become  $12,000  a  year,  making  a  saving  o^ 
$2,000  annually.  Hence  $260  a  year  is  a  very  mod^ 
erate  amoimt  to  insure  this  saving  which  will  be  pro" 
duced  by  maintaimng  the  efficiency  standard  d  TO 
per  cent  as  recommended. 

A  further  increase  from  70  per  cent  to  71  p^  **^iS 
efficiency  means  a  saving  of  1-71  of  the  coal  Ull  C7» 
$12,000  per  year,  that  is,  $169  per  year. 

From  70  to  72%  saves  —X  12,000  «  $333  per  year- 
From  70  to  73%  saves  ~  X  12,000  =  $483  per  year- 

From  70  to  74%  saves  ^X  12,000  =  $644  per  year* 

5 
From  70  to  75%  saves  =^X  12,000  =  $800  per  year. 

By  allowing  ono-third  of  these  additional  savings 
over  those  produced  by  maintaining  the  70  per  cent 
standard  to  be  paid  the  firemen  in  weekly  amounts, 
the  table  of  Bonu  Rates  on  the  following  page  can 
be  used  for  payment.  Thus  when  the  firemen  receive 
an  increase  of  $1  the  firm  receives  $2  in  coal  saved. 
No  bonus  is  paid  under  70  per  cent  standard,  the  at- 
tainment of  which  brinj^?  So  a  week  to  the  firemen 
with  a  corresponding  profit  to  the  firm.  The  bonus 
for  efficiencies  above  70  per  cent  is  given  in  the  table. 
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EFFICIENCY  STANDARDS 

B.t.u.  in  Coal  EflBciency  Evap.  per  lb.  of 

Standard  Coal  from  and  at 

212  degrees 

13,000  70  per  cent  9 .  39 

13,500  70  per  cent  9 .  75 

14,000  70  per  cent  10.10 

14,500  70  per  cent  10.46 

(For  other  efficiencies  use  blue-print  curve  chart, 
Kg.  17.) 

Note:  This  table  and  curve  are  based  on  dry  coal. 
If  the  coal  contains  2  per  cent  moisture,  add  two 
points  to  the  efficiency  shown;  for  3  per  cent,  add 
*liree  points,  etc. 

Bonus  Rates 

.  Divide  among  the  firemen  each  week  the  foUow- 
^sums,  depending  on  efficiency  shown  by  the  chart 
of  evaporations,  and  efficiency. 

Bonus 

Under  70  per  cent 0.00 

70per cent $5.00 

71  per  cent 6.08 

72 per  cent 7.13 

73  per  cent 8. 10 

74  per  cent 9.12 

75  per  cent 10. 12 

Note:  For  determining  efficiencies  other  than  70 
per  cent  use  the  efficiency  chart  on  preceding  page, 
(see  the  folding  insert,  Fig.  17)  which  eliminates  cal- 
culation and  saves  time. 


* 


If  the   efficiency   as   determined  by   any 
proper  system  should  at  any  time  fall  below 
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the  standard,  the  first  thing  to  do  is  to  have 
a  calorific  test  and  analysis  made  of  the  coal 
to  determine  whether  the  fanlt  lies  in  the 
fuel  If  its  heat  value  has  not  become  low 
enough  to  account  for  the  reduction  of  the 
efficiency  as  indicated  by  the  system,  and  if 
its  composition  does  not  show  bad  clinkering 
properties,^  then  the  loss  is  directly  charge* 
able  to  the  operation  of  the  boiler  plant  itself, 
and  may  be  found  due  to  bad  firing,  dirty 
tubes,  scale  in  the  boilers,  or  some  matter 
directly  connected  with  the  human  factor.  By 
these  means  the  efficiency  of  the  boiler  plant 
is  directly  controlled  by  the  factory  manage* 
ment. 

In  another  plant  where  the  steam  pressure 
and  feed  temperature  are  practically  con- 
stant quantities,  it  is  only  necessary  to  set 
a  standard  of  actual  evaporation  based  on 
good  standard  coaL  Since  the  coal  used  in 
this  ease  is  anthracite  buckwheat,  which  va- 
ries principally  only  according  to  its  ash  oour 
tent,  it  is  a  simple  and  inexpensive  matter  to 
make  frequent  tests  to  determine  its  com- 
parative steaming  value.  This  is  done  by 
the  company's  regular  chemist  by  burning 
out  the  combustible  from  a  sample  and  weigh- 
ing the  resulting  ash.    The  hpat  value  of  this 


i  Clinkering  a  cauaod  by  an  aah  of  low  fusing  point,  and  k  alio 
oiAted  with  a  high  sulphur  content  in  coal. 
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coal  is  approximately  proportional  to  the 
percentage  of  combustible,  so  that  an  excel- 
lent check  on  the  calorific  power  of  the  coal 
is  easily  and  cheaply  obtained.  In  this  way 
a  good  record  can  be  kept  to  show  the  class 
of  coal  being  purchased  as  it  is  received. 

By  the  employment  of  this  simple  checking 
system,  together  with  daily  evaporation  rec- 
ords from  the  boiler  room,  this  plant  has 
reduced  its  fuel  cost  of  steam  by  nearly  20 
per  cent. 

In  still  another  plant  where  a  number  of 
different  grades  of  anthracite  coals  were 
available  at  widely  varying  prices,  and  where 
conditions  made  it  advisable  to  mix  a  certain 
percentage  of  soft  coal  with  the  hard,  I  ap- 
plied the  following  system  after  equipping 
the  plant  to  handle  these  fuels. 

The  object  of  the  system  was  to  place  the 
determination  and  control  of  the  commercial 
efficiency  in  the  hands  of  the  client,  and  to  do 
So  in  a  direct  and  simple  manner  which 
^ould  entail  a  minimum  of  calculation,  and 
^t  the  same  time  give  scope  for  a  wide  range 
^f  experimenting  with  different  coal  mix- 
^iires  and  prices,  with  always  a  definite 
^owledge  of  the  result  of  each  trial. 

The  coal  was  weighed  in  equal  loads,  a 
standard  net  weight  being  selected  to  elimi- 
nate the  necessity  of  adding  up  different  fig- 
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ures.  The  water  was  weighed  in  an  aceuX" 
feed-water  weigher  and  the  result  given 
pounds.  Dividing  the  total  water  by  the  tc 
coal  gave  the  actual  evaporation.  Apply^- 
\  this  actual  evaporation  to  Table  II  prepai 

for  their  use  (with  their  average  factor* 
evaporation  computed  into  the  results),  e 
co-ordinating  the  price  per  ton  of  coal  Dd 
ture  burned,  they  could  read  without  com] 
tation  the  fuel  cost  of  evaporating  1,4 
pounds  of  water  from  and  at  212  degrees- 
The  cost  of  the  coal  mixture  was  also  ms 
available  from  Table  I  without  calculati^ 
Thus  any  amount  of  experimenting  with  oc 
mixtures  and  coals  of  different  prices  con 
be  done  and  the  results  immediately  knoi 
from  the  tables.  By  the  use  of  this  simp 
system  this  client  reduced  the  fuel  cost  < 
steam  from  15  cents  down  to  9  cents  p 
1,000  pounds  from  and  at  212  degrees,  ai 
without  the  application  of  scientific  inform 
tion  after  the  method  was  once  put  into  pra 
tice. 

Another  simple  but  very  useful  instrume 
in  connection  with  boiler  efficiency  work 

^ ,  the  cost  of  evaporation  curve.     The  cur 

I  illustrated  in  Fig.  18  was  plotted  by  Mr. 

.  ,f  Milton  Clark,  M.  E.,  for  the  Isolated  Plaf 

I  V  This  embodies  in  graphic  form  the  essentifi 

.  of  Table  II  already  given. 
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It  is  necessary  to  know  only  the  cost  of  the 
coal  per  2,000  pounds  and  the  evaporation 
per  pound  in  order  to  use  the  curve,  which 
directly  indicates  the  fuel  cost  of  evaporating 
1,000  pounds  of  water. 

If  the  evaporation  is  taken  as  ' '  actual ' '  the 
result  will  be  actual,  or  the  equivalent  evap- 
oration may  be  used  (equivalent  evapora- 
tion =  actual  evaporation  X  factor  of  evap- 
oration), in  which  case  the  curve  will  show 
the  fuel  cost  of  evaporating  1,000  pounds  of 
water  into  steam  from  and  at  212  degrees  F. 

It  may  be  of  interest  to  note  that  the  effi- 
ciency system  described  on  pages  239  to  241 
inclusive  is  in  successful  operation.  The  set 
standard  of  efficiency  is  being  maintained  and 
the  firemen  are  receiving  their  bonuses. 
Needless  to  say  the  results  are  equally  grati- 
fying" to  both  the  firm  and  firemen. 


Chapter  XI 
BOILER  TESTS 

ALL  the  following  tests  were  made  in  ta/^ 
tory  boiler  plants,  and  the  results  and 
conditions  are  typical  of  the  various  kinds  of 
boiler  and  furnace  equipment  indicated. 

■ 

Tests  on  Bituminous  Coal,  in  Intebnallt 
FiBED  Manning  Ttfe  Upbioht  Boilbbs 

The  following  are  records .  of  three  tests 
made  on  boilers  in  the  same  plant.    The  wide 
difference  in  the  efficiencies  of  tests  Nos.  1 
and  3  is  chargeable  to  operation  alone.    The 
term  '  *  operation ' '  includes  the  cleanliness  of 
the  boiler  heating-surfaces  inside  and  out,  th» 
rate  of  driving,  the  skill  of  firing,  all  of  which, 
are  under  human  control.    These  tests  show 
the  absolute  necessity  of  keeping  the  factory" 
lK>iler  plant  under  a  careful  efficiency  system- 
80  that  it  will  at  once  become  known  when  ther 
(lerformance  falls  off.    Test  No.  3  was  mad^ 
«hout  three  years  after  tests  Nos.  1  and  2^ 
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md  it  was  not  known  how  long  the  heavy  loss 
ihown  by  test  No.  3  had  been  going  on. 

It  is  also  to  be  noted  that  when  this  type  of 
boiler  is  forced  there  is  a  decided  tendency  to 
inerease  the  percentage  of  CO  in  the  flue 
gases,  and  there  is  an  equally  strong  tendency 
to  increase  the  escape  of  unburned  volatile 
hydrocarbons,  especially  immediately  after 
firing. 

The  reason  is  that  the  gases  pass  very 
quickly  from  the  furnace  into  the  small  fire- 
tubes  of  the  boiler,  with  such  speed  that  there 
is  not  sufficient  time  for  their  complete  dif- 
fusion with  the  oxygen.     Furthermore,  the 
water-legged  firebox  reduces  the  temperature 
of  the  combustion  space,  which  factor  further 
retards  complete  combustion.    When  the  fuel 
I     gases  have  once  entered  the  tubes  their  tem- 
perature is  so  quickly  reduced  that  further 
combustion  is  practically  impossible. 

A  sunilar  chilling  effect  takes  place  also  on 
tto  standard  type  of  water-tube  boiler  (un- 
less a  special  furnace  is  provided)  which 
^akes  this  kind  of  boiler  more  of  a  smoke 
producer  than  one  of  horizontal  tubular  de- 
Sign.  The  water-tube  boiler  has  the  advan- 
l^e  over  the  vertical  upright  fire-tube  boiler 
^  the  possession  of  a  fire-brick  furnace  which 
'^rfps  to  elevate  and  maintain  the  tempera- 
ture of  combustion. 
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The  vertical  upright  has  the  counter  ad- 
vantage  of  lower  radiation  losses,  and  the 
w^st  ^ay  (for  a  simple  rule)  to  fire  the  Man- 
^^g  type  is  to  produce  a  flame  no  longer  than 
^^  height  of  the  firebox,  so  that  combustion 
Incompleted  before  the  gases  enter  the  tubes. 
This  is  possible  by  regulation  of  the  air  sup- 
ply and  by  guarding  against  undue  forcing. 
The  flame  length  is  approximately  directly 
proportional  to  the  degree  of  forcing  (or  rate 
of  combustion)  and  inversely  proportional  to 
the  air  supplied  per  pound  of  fuel. 

Forcing  a  fire  makes  more  gas,  wliicli  in- 
creases its  velocity,  thus  drawing  out  the 
flame.  Reducing  the  air  supply  makes  a 
longer  flame  because  the  reduced  supply  of 
oxygen  must  be  given  a  longer  time  to  *  *  find ' ' 
^(Ibum  the  combustible  gases.  Thus  l)y  the 
time  the  oxygen  molecules  have  found  their 
mates  in  the  combustible  gases,  they  have 
traveled  a  greater  distance  in  the  combustion 
chamber  and  the  flame  is  longer.  Where  the 
flame  stops,  combustion  stops  also,  whether 
it  be  complete  or  incomplete. 

Tests  on  Bituminous  Coal  with  Down-draft 
Gbates  and  Horizontal,  Tubuiar  Boilers 

The  following  tests  were  made  under  reg- 
ular daily  operating  conditions  in  a  New 
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England  factory,  and  the  high  effidendea  ob- 
tained were  checked  up  over  a  long  period  of 
time  by  means  of  daily  coal  and  water-weigh- 
ing records  which  proved  the  performaaoeB 
herewith  quoted  to  be  average  and  not  special 
test  resnlts.  Figs.  19  and  20  show  the  type 
of  furnace  equipment  and  a  detail  of  the 
water  grate. 

Fio.  20.    Hawley  Watxh-tdbb  Qrats 
Showing  plugs  opposite  tubea  for  cleftnnng  puipOMS  irtiea 


The  operation  of  the  system  consists  in  fir- 
ing the  green  coal  upon  the  upper  grate,  from 
which  the  combustion  of  the  greatest  part 
occurs.  The  burning  takes  place  at  the  under 
surface  of  this  bod  of  fuel  which  reaches  a 
temperature  of  incandescence  while  the  up- 
per surface  remains  comparatively  cool.  The 
result  is  that  the  volatile  portion  of  the  fresh 
coal  must  pass  downward  (by  the  action  of 
the  draft)  through  the  incandescent  layer 
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Ai^hich  by  intimate  contact  raises  these  fuel 
gases  and  air  to  a  high  combustion  tempera- 
ture.    This  process  prevents  the  production 
of   smoke  and  practically  insures  complete 
combustion.    The  CO  gas  from  the  top  grate 
must  also  become  heated  in  a  similar  manner. 
As  the  coal  becomes  coked  and  crumbles, 
the  smaller  particles  of  coke  fall  through  the 
wide  spacing  of  the  water  grate  upon  the 
secondary  grate  with  fine  air  spacing  at  the 
bottom,  which  has  its  own  draft  door  under- 
neath.   This  fire  may  therefore  be  separately 
regulated  to  make  possible  a  correct  adjust- 
ment of  the  air  supply.    The  two  fires  mingle 
between  the  upper  and  lower  grates,  the 
water  grate  receiving  its  air  supply  through 
the  firing  door  over  the  top  of  the  green  coal. 
Therefore  since  this  door  is  open  all  the  time, 
the  great  inrush  of  cold  air  which  occurs 
when  an  ordinary  furnace  is  fired  is  entirely 
eliminated. 

This  furnace  of  course  adds  a  certain  com- 
plication to  the  boiler  itself  due  to  the  water 
grate  and  the  tubes  connecting  it  to  the 
boiler,  and  the  equipment  must  be  scrupu- 
lously guarded  to  prevent  the  possibility  of 
burning  or  sagging  of  the  grates  and  tubes. 
These  tests  are  of  particular  interest  as  an 
indication  of  the  economy  of  combustion  ob- 
tainable with  this  type  of  furnace. 
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Since  the  horizontal  tubular  boiler,  band- 
fired  with  soft  coal  without  any  special  equip- 
ment, constitutes  the  most  used  type  of  steam- 
generating  apparatus  in  factory  practice,  the 
following  test  on  such  an  arrangement  will 
be  of  interest. 

This  setting  was  of  a  type  conmaonly  found, 
the  principal  exception  being  a  return  of  the 
gases  over  the  top  of  the  boiler,  a  feature 
which  is  going  out  of  practice  on  account  of 
the  possibility  of  dangerous  overheating  of 
this  portion  of  the  shell  which,  having  only 
stoani  gas  in  contact  with  its  inside  surface, 
doos  not  readily  transmit  the  heat  it  receives. 

The  efficiency  of  66.6  per  cent,  which  may 
bo  coiisidorod  fairly  good  for  this  equipment 
with  unskilled  handling,  was  due  largely  to 
the  frequency  of  the  firing  tending  to  main- 
tain a  maximum  furnace  temperature  with  a 
eons(»([nont  lowering  of  the  losses  due  to  un- 
burned  vohitilo  and  CO  gases.    The  spread- 
ing syst(*m  of  firing,  the  most  generally  used 
mothod,  was  employed,  but  the  intervals  be- 
tw(H»ii  filings  were  unusually  short,  being  less 
tliaii  six  minutes. 

I>arring  the  cooling  effect  of  air  entering 
lh(^  (ire  doors,  it  is  correct  to  state  that  the 
nioro  often  and  more  lightly  a  furnace  is  fired 
llio  higlier  will  be  its  temperature  and  com- 
^'iislioii  (»ffici(»ticv. 
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TEST  ON  BITUMINOUS  SLACK  COAL  WITH  AN  ORDINARY 
HAND-FIRED  HORIZONTAL  TUBULAR  BOILER  WITH 
STATIONARY      GRATES,      SHOWING      "gOOD" 
RESULTS  FOR  THE  EXISTING  CONDITIONS 


Kind  of  fuel 

Kind  of  furnace 

Kind  of  boiler 

Method  of  starting  and  stop- 
ping test 

Date  of  trial 

Duration  of  trial 

Dimensions  and  Proportions 

Draft  area  in  grate 

Width  of  air  spaces 

Height  of  furnace 

Water-heating  surface 

Average     Temperatures,    Pres- 
sures, etc. 

Of  external  air 

Of  fireroom 

Of  feed  water  entering  boiler  in 

test 

^f  escaping  gases  from  boiler, 
^t^am  pressure  by  gauger-lbs. 

p  Per  sq.  in 

'^'^rce  of  draft  between  damper 

jj,  ^nd  boiler 

^  ^rce  of  draft  in  furnace 

Fuel 

"SJ^e  and  condition 

*^^ight  of  coal  as  fired 


Youghiogheny  slack 

Stationary  grate 
Horizontal  tubular 

Alternate 

May  2,  1907 
9  hours 


40  per  cent 

^in. 

30  m. 
1,543  sq.  ft. 


53  degrees 
64  degrees 

117  degrees 
567  degrees 

112  lb. 

0.60  in.  w.  g. 
0.54  in.  w.  g. 


Slack  coal 
5,800  lb. 


d«<€ 


FSFTETTDCC  TVW^SmrriAXT  UWEIB 


YKST  0% 


Perooita^  of  xxxiktorp  m  eoal . 
Total  vogfat  of  dnr  coal  cm-; 


Total  a£±i  and  refuse  removedj 
bxxn  above  and  bdow  grates: 

Pud  per  Bawr 
Dry  coal  oonsumed  per  hoar. .{ 

Calorific  Valve  of  Fud 

Calorific  value  by  oxyigen  calo- 
rimeter, per  lb.  of  dry  coal. .  I 

Available  heat  in  a  lb.  (rf  coal, 
as  fired  after  deducting  loss- 
due  to  moisture  in  coal I 


Waier 

Total  weight  of  water  fed  to 
boilers 

Factor  of  evaporation 

Equri^alent  water  evaporated 
into  steam  from  and  at  212 
degrees 

Water  per  Hour 

Equivalent  evaporation  per 
hour  from  and  at  212  degrees 

Equivalent  evaporation  per 
hour  from  and  at  212  degrees 
per  sq.  ft.  of  water-heating 
surface 

Horse  Power 
Boiler  horse  power  developed. 


3.01 

5,6251b. 

679  1b. 


6251b. 


13,142  B.ta. 


12,710  B.t.u. 


44,341  lb. 
1.409 


50,889  lb. 


5,656  lb. 


3.681b. 


163.9 
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TEST  ON  BITUMINOUS  SLACK  COAL — Continued 


Horse  Power — Continued 

Builders'  rated  horse  power  at 
12  sq.  ft.  per  horse  power. . . 

Percentage     of     rated     horse 
Dower  developed 

128.6 
128.5  percent 

7.646  lb. 

Economic  ResuUa 

Water  apparently  evaporated 
under  actual  conditions  per 
lb.  of  coal  as  fired 

Equivalent   evaporation   from 
and  at  212  degrees  per  lb.  of 
coal  as  fired 

8.774  lb. 

Equivalent   evaporation   from 
and  at  212  degrees  per  lb.  of 
dry  coal 

9.046  lb. 

Effi/nency 

Efficiency  of  boiler,  including 
the  grates;  heat  absorbed  by 
the  boiler,  per  lb.  of  coal  as 
fired,  divided  by  the  avail- 
able heat  of  1  lb.  of  coal  as 
fired  after  deducting  loss  due 
to  moisture-. 

66.6  per  cent 

spreading 
5.57  minutes 

MeOiod  of  Firing 

Kind  of  fire  (spreading,  alter- 
nate, or  cokine) 

Average  intervals  between  fir- 
inics 

•"o^' ...................... 
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Another  test  on  a  hand-fired  horizonti 
tabular  boiler  equipped  with  shaking  grate 
but  having  no  return  flue  over  the  top  of  Ih 
shell  is  of  value,  in  general  confirmation  4 
what  may  be  regularly  obtained  without  f 


cial  equipment  b 
which  it]  tlie  followu 
nate  method. 

It  is  interesting  to 
alysis  made  during 
famine  tendency  of  tl 
characteristic  of  band 
ately  after  firing,  the  . 


b  fairly  good  firin 
ase  was  by  the  altoi 

tte  in  the  flue-gas  as 
B  teat  the  feast-ani 

air  supply  which  i 
iring.    Thus  iiumedi 

in  proportion  to  th 


coal  decreases,  as  indicated  by  the  rise  t 
CO2,  and  just  before  firing  the  COj  is  I01 
showing  a  greater  excess  of  air. 

Various  patented  appliances  have  been  de- 
vised for  the  purpose  of  equalizing  the  air 
supply  to  the  requirements  at  all  stages  of 
the  fire.  Such  inventions  are  generally 
speaking  a  failure.  They  tend  to  flood  the 
furnace  with  air  far  in  excess  of  the  true 
requirements,  and  are  likely  to  lower  the 
temperature  of  the  furnace  during  the  vola- 
tilization of  hydrocarbons  immediately  after 
firing,  just  when  a  maximum  temperature  is 
wanted  to  ignite  these  gases. 
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TEST  ON  HORIZONTAL  TUBULAR  BOILEB  WITH  SHAKING 

GRATE  AND  HAND-FIRED 


Kind  of  fuel 

Kind  of  furnace 

Kind  of  boiler 

Method  of  starting  and  stopping 
test 

Date  of  trial 

Duration  of  trial 

Dimensions  and  Proportions 

Grate  surface  (7  ft.  X  7  ft.) 

Air  space 

Percentage  of  dra/t  area 

Water-heating  surface 

Superheating  surface 

Ratio  of  water-heating  surface  to 
grate  surface 

Average  Temperatures, 
Pressures,  etc. 

Steam  pressure  by  gauge 

Temperature  of  feied  water  enter- 
ing boiler 

Temperature  of  gases  leaving 
boiler 

Temjyerature  of  air  entering  ash- 
pit   

Temperature  of  external  air 

Force  of  draft  between  damper 
and  boiler 

Force  of  draft  over  fire 


Bit.-run-of-mine 

Shaking  grate, 

hand-fired 

Hor.  tubular 

Alternate 

Feb.  7,  1911 
8hrs. 


49  sq.  ft. 

5/16  in. 

35.7  per  cent 

2,526  sq.  ft. 

0  sq.  ft. 

51.6  to  1 


86.5  lb. 

175  degrees 

580  degrees 

68.5  degrees 
28.2  degrees 

0.47  in.  w.  g. 
0.27  in.  w.  g. 
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TEST   ON    HORIZONTAL   TUBULAB  BOILEB — Continued 


Average  Temperatures,  Pressures, 
e(c.— Continued 

Force  of  draft  at  rear  of  com- 
bustion chamber  when  tested 
(4  readings) 

Weather 

Fuel 

Weight  of  coal  as  fired 

Percentage  of  moisture  in  coal . . . 
Total  weight  of  dry  coal  consumed 

Fuel  per  Hour 

Dry  coal  consumed  per  hour .... 
Dry  coal  pvr  sq.  ft.  of  grate  sur- 
face per  hour 

Calorific  Value  of  Fuel 

Calorific  value  per  lb.  of  dry  coal. 

Moisture  in  coal  as  delivered  to 

fireman 

Water 

Total  weight  of  water  fed  to 
boiler 

Factor  of  evaporation 

Equivalent  water  evaporated  into 
steam  from  and  at  212  degrees. . 

Water  per  Hour 

Water  evaporated  per  hour  from 
and  at  212  degrees 

Water  evaporated  per  hour  from 
and  at  212  degrees  per  sq.  ft. 
of  water-heating  surface 


0.30  in.  w.  g. 
Snow — damp  air 


9,095  lb. 
5.07  per  cent 
8,634  lb. 


1,079  lb. 
22  1b. 

12,900  B.t.u. 
5.07  per  cent 


72,080  lb. 
1.0754 

77,514  lb. 


9,689  lb. 


3.841b 
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TEST  ON  HOBIZONTAL  TUBULAB  BOILER — Continued 


Horse  Power 

Total  horse  power  developed 

Builders'  rated  horse  power  at  12 

sq.  ft.  per  horse  power 

Percentage    of    builders'    rated 

horse  power  developed 

Economic  ResvUs 

Water  apparently  evaporated  un- 
der actual  conditions  per  lb.  of 
eoal  as  fired 

281 

210 

133.7  per  cent 

7.92  lb. 

Equivalent  evaporation  from  and 
and  at  212  degrees  per  lb.  of 
coal  as  fired 

8.52  lb. 

Equivalent  evaporation  from  and 
at  212  degrees  per  lb.  of  dry 
coal 

8.98  lb. 

Efficiency 

Efficiency  of  boiler  including  grate 
based  on  drv  coal 

67.25  per  cent 

Efficiency  of  boiler  including  grate, 
based  on  available  heat  sub- 
tractmir  moisture  loss 

67.5  per  cent 

Cost  of  Evaporation 

Cost  of  coal  per  ton  of  2,000  lb. 
delivered  in  boiler  room 

Cost  of  coal  for  evaporating  1,000 
lb.  of  water  into  steam  from 
and  at  212  d^rees 

$2.40 
$0,141 
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Too  much  grate  surface  with  a  consequent- 
ly low  rate  of  combustion  and  an  excessive 
air  supply  represents  a  commonly  found 
condition  which  results  in  a  heavy  loss  of 
fuel. 

Such  a  case  is  illustrated  in  the  test  fol- 
lowing. The  two  horizontal  tubular  boilers 
were  operated  at  about  one-half  of  their  nor- 
jial  capacity.  This  brought  into  service 
double  the  amount  of  grate  surface  required 
for  a  normal  consumption  of  fuel  per  square 
foot.  The  draft  intensity  was  normally 
strong  and  the  supply  of  coal  was  abnor- 
mally low,  so  that  the  air  supply  far  exceeded 
the  requirements  of  the  coal  as  fired.  The 
result  was  an  average  COg  of  only  a  little 
over  5  per  cent,  and  the  low  eflBciency  of  52.8 
per  cent  of  boilers  and  furnaces  combined. 

A  peculiar  circumstance  connected  with 
this  test  is  also  significant.  The  engineer 
was  unable  to  keep  up  the  standard  steam 
pressure  even  with  twice  the  boiler  heating 
and  grate  surface  that  was  really  necessary, 
and  he  thought  the  trouble  was  due  to  weak 
draft.  The  real  causes  of  inefficiency  were 
those  already  noted,  combined  with  infre- 
quent firing,  and  when  they  were  eliminated 
by  carrying  all  the  load  on  a  single  boiler 
with  reduced  grate  surface  and  teaching  him 
how  to  fire,  the  eflSciency  of  the  boiler  and 
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furnace  jumped  up  to  about  70  per  cent. 
immediate  result  was  a  saving  of  over  24 
cent  of  fuel  and  no  difficulty  in  mainl 
the  desired  steam  pressure.     In  fact, 
dampers  were  now  kept  not  quite  half-o] 
There  was  nothing  unusual  about  the 
tings  of  these  boilers,  except  that  No.  2 
shaking  grates. 

BoiuBR  Tests  wtth  Anthbacitb 

• 

In  those  districts  where  anthracite  coal  iftj 
available  it  is  of  essential  value  to  linow  wl 
performance  may  be  expected  with  this  fael,^ 
especially  in  the  smaller  and  cheaper  sizes. 
For  such  information  the  following  boiler 
tests  made  in  factory  plants  are  given. 
Those  will  indicate  the  conditions  surround* 
ing  both  good  and  bad  practice  with  Nos.  2 
and  3  buckwheats  together  with  a  test  on  the 
higher  priced  No.  1  buckwheat  made  under 
very  ordinary  conditions. 

The  standards  governing  the  sizes  of 
anthracite  coals  vary,  but  the.  schedule  of 
sizes  as  recommended  by  the  American  So- 
ciety of  M(»clianical  Engineers,  and  as  here 
illustrated  in  F^g.  21,  may  properly  be  ac- 
cepted and  used. 

Two  tests,  given  in  detail  on  pages  282  to 
290,  were  made  in  the  same  plant  on  No.  2 
buckwli(*at  mixed  with  a  portion  of  soft  coal. 


"■'d 


?^ 


C< 


BOILEB  TESTS  281 

^^tiditions  of  both  tests,  natural  draft,  com- 
mon design  of  furnaces  with  B.  &  W.  ])oilers. 
"oth  tests  show  poor  results  as  to  ])oil(»r  ca- 
pacity.   Test  A  gave  a  good  efficiency  and 
test  B  a  very  low  efficiency. 

The  conditions  governing  this  wide  varia- 
tion in  economic  performance  arc  readily  ob- 
tainable from  an  analysis  of  the  following 
records  which  are  briefly  discussed  at  their 
end. 

The  rating  in  test  A  was  higher  than  in 
test  B,  which  may  be  accounted  for  by  t\w 
greater  intensity  of  draft  in  the  furnacr,  an<l 
by  the  shorter  firing  interval  as  n^corch^d. 
Both  ratings  were  low,  as  may  bo  oxpc^ctcMJ 
with  a  natural  draft  of  normal  intensity  with 
this  coal. 

The  great  difference  in  efficiency  (test  A 
69.37  per  cent  and  test  B  =  47.77  per  cent)  in 
favor  of  test  A  is  principally  duo  to  the  fol- 
lowing conditions : 

A  firing  interval  of  16  minutes  in  tost  A 
(instead  of  23l^  minutes)  o])orato<l  to  pro- 
duce a  more  nearly  uniform  furnace  tompor- 
ature. 

The  draft  area  through  the  grate  in  tost  A 
was  only  6.13  per  cent,  whereas  the  boilers  of 
test  B  had  grates  witli  40  i)or  cent  draft  area, 
w^hich  largely  accounts  for  the*  troniondous 
excess  of  air  as  denoted  by  the  av(»rago  of 
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7.5  per  cent  CO2  as  compared  to  10.4  CO2  for 
test  A. 

The  buckwheat  coals  may  be  burned  with 
good  results  under  natural  draft  as  indicated 
by  test  A,  but  the  horse-power  output  of  the 
boiler  will  be  below  normal  rating  with  chim- 
neys of  average  height.  When  the  chimney 
is  of  a  height  to  give  an  intensity  of  draught 
sufficient  for  high  ratings,  the  usual  result  is 
a  very  large  excess  of  air  in  the  furnace  with 
a  consequently  low  efficiency. 

For  burning  the  buckwheats  the  volume  of 
air  required  is  less  per  pound  than  for  soft 
coals,  hut  the  intensity  or  pressure  of  draft 
must   be  greater  in  order  to  penetrate  the 
more   resistive  bed  of  fuel.     When  a  high 
stack  is  used  to  obtain  the  penetration,  the 
stack  damper  must  be  opened  wide  to  secure 
the  maximum  intensity  at  the  furnace.    This 
also  increases  the  volu^ne,  which  is  not  de- 
sired.    Of  course  this  ill  effect  can  be  coun- 
teracted by  regulating  the  volume  of  air  by 
means  of  the  ashpit  doors  and  leaving  the 
stack  and  uptake  dampers  wide  open  to  se- 
cure the  desired  intensity.    But  this  requires 
very   skillful  operation  as  well  as   a  high 
chimney,  and  furthermore  the  draft  condi- 
tions change  with  the  weather. 

Consequently  the  most  surely  satisfactory 
method  of  burning  the  fine  sizes  of  anthracite 
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is  by  the  employment  of  meehanieal  or 
draft  arranged  to  produce  a  pressure  of 
under  the  grate.    Aofaimney  of  ttii 
height  is  needed  to  carry  off  the  gases, 
need  be  of  no  sneh  hei^t  as  wonld  be 
quired  with  natural  draft  alone.    With 
combination  it  is  readily  practicable  to  ol 
separate  regulation  of  the  mtensUjf  of 
(for  penetration)  and  the  volume  of  draft  fi 
correct  air  supply.    CShanging  the  speed 
the  fan  varies  the  intensity  to  any 
pressure,  and  the  damper  in  the  nptske 
independently  throttled  down  to  reduce 
volume  of  air  to  a  minimum  for  good  omf- 
bustion. 

It  is  of  interest  to  note  at  this  point  thatiB 
New  York  city,  where  the  small  sixes  d 
anthracite  constitute,  the  most  used  fuel,  yerf 
great  losses  exist  owing  to  surplus  air  in  flit 
fires,  while  losses  due  to  incomplete  combai' 
tion  of  the  coal  are  utterly  insignificant  i> 
comparison.  The  cure  is  less  air,  and  iis» 
surest  way  to  supply  the  less  amount  of  ^it 
is  to  install  forced  draft.  This  sounds  lib  * 
paradoxical  statement,  but  in  this  case  forced 
draft  means  the  ability  readily  to  control 
both  the  volume  of  air  and  the  intensity  d 
draft  and  to  control  them  separately  and  i>: 
dependently.  The  higher  the  chimney  irihiA 
furnishes  the  draft  for  burning  budcwhoit  | 
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poals,  the  larger  will  be  the  probable  saving 

^^  fuel  that  can  be  made  by  installing  forced 

(and    controlled)    draft.     I    use    the   term 

*  forced  draft"  as  applying  to  any  means  of 

^^eating  a  pressure  of  air  under  the  grate  of 

the  furnace,  and  in  contra-distinction  to  **in- 

^xiced  draft '  \  in  which  case  a  fan  is  employed 

*^  exhaust  the  air  from  the  boiler  uptake. 

-■-^cluced  draft  is  open  to  the  same  objections 

^s    natural  chimney  draft  for  burning  the 

P'Uckwheats  since  it  operates  and  is  controlled 

^^  the  same  manner. 

Forced  draft  may  be  produced  either  by 
^^eans  of  fans  of  various  types,  or  by  the  use 
^f  steam  jets  which  induce  a  current  of  air 
through  a  tube  communicating  inwardly  to 
the  ashpit  of  the  furnace.    This  latter  consti- 
tutes the  simplest  form  of  forced  draft.    In 
the  past  its  principal  drawback  was  its  very 
^^fge  consumption  of  steam  as  compared  to 
I'be  amount  required  to  operate  a  fan.    But 
^^i  recent  years  scientific  design  of  st(^im  jets 
'^as  largely  overcome  this  objection  with  the 
'^^st  types  of  steam  blowers,  and  in  small  in- 
stallations they  \\dll,  with  their  added  advan- 
^^e  of  simplicity,  often  conipc^te  with  fan- 
^^ftft  designs.     In  such  cases  the  greatest 
^^^Wback   to   the   steam-jet    system   is   the 
^^ise,  or  the   roar  of  the   escaping  steam 
^hi^^  iuay  be  disconcerting  to  the  firemen 
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and  hard  on  one's  nerves.  This  may  be 
partly  mitigated  by  methods  of  muffling. 

The  following  acceptance  test  was  matte 
on  a  Bteara-jet  system  burning  straight  No.  .^ 
buckwheat  and  a  very  thorough  test  was 
made  to  determine  the  steam  used  by  tbt- 
blowers.  This  was  found  to  be  only  2.35  \s€t 
cent  of  tlie  boiler  output  wlien  operating  at 
111.5  per  cent  of  rated  capacity  (boiler  rate<I 
at  12  sq.  ft.  per  horse  power).  When  pur- 
chasing a  system  of  this  kind  specifications 
should  be  drawn  to  cover  net  efficiency  based 
on  the  nseful  steam  generated  after  deduc- 
tion of  the  steam  consumed  by  the  blower. 

For  all  usuai  installations  of  bnckwbeat- 
buming  systems  a  possible  under-grate  pres- 
sure of  IVs  inches  of  water  should  be  pro- 
vided, though  for  special  cases  where  fires 
cannot  be  cleaned  for  long  periods  the  resist- 
ance to  air  passage  builds  up  as  the  fire  bed 
increases  in  thickness  and  a  much  greater 
pressure  is  required, 

In  ordinary  factory  installations  about 
i/^-inch  water  pressure  is  sufficient  with  a 
clean  fire,  and  this  is  gradually  increased  as 
the  ash  accumulates  until  just  before  clean- 
ing it  is  usual  to  require  between  1-inch  and 
lVi>-inch  water  pressure  in  the  ashpit. 

Except  in  extraordinary  cases  the  fan  (or 
steam  jets)  overcomes  only  that  part  ol"  the 
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total  draft  resistance  which  is  caused  by  the 

grate  and  the  fire  bed,  so  that  atmosplieric 

pressure  or,  more  usually,  a  slight  vacuum 

exists  over  the  burning  fuel.    As  a  fireman 

would  express  it,  **the  fan  shoves  the  draft 

through  the  grate  and  the  fuel.     Then  the 

chimney  picks  it  up  and  does  the  rest  of  the 

work.    There  is  a  push  under  the  fire  and  a 

pull  over  it." 

There  should  be  no  pressure  in  the  fur- 
^^ce  or  the  flames  will  blow  out  of  the  fire 
doors  when  opened.  Also  there  should  not 
^  a  strong  vacuum,  or  cold  air  will  rush  in 
to  cool  the  furnace  while  firing. 


^T  ON   NO.    3    BUCKWHEAT   COAL   WITH    STEAM-IN- 
^tJCED    FORCED    DRAFT,    ON    A    HORIZONTAL    TU- 
BULAR   BOILER.       COMBUSTION    ARCH    BACK 
OF  THE  BRIDGE  WALL 

/iTiis  test  is  typical  of  good  results  on  No.  3  buck- 


fo^ 


^at  coal  in  a  well-designed  furnace.    Steam  used 
operation  of  draft — 2.35  per  cent  of  l)oiler  output. 


^^d  of  furnace,  boiler  set  4 

feet   above   grate,    combus- 

T^^^ion  arch  in  front  of  blow-off 

^^^d  of  boiler,  6  ft.  x  18  ft.- 

124  3  -in.  tubes 

^^iidoffuel 

^thod  of  starting  and  stop- 
J^ing  test 


XY  System 

Horizontal  tubular 
No.  3  l)uckwheat 
antliracite 

Alternate 
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TEST  ON   NO.   3   BUCKWHSilT  COAL — Coflfmiied 


Grate  surfacCi  aq.  f t 

Water-heating  surfacei  aq.  ft. . 
Ratio  of  water-heating  surface 

to  grate  surface 

Width   of   draft   openings   in 

grate 

Per  cent  draft  area  in  grate . . . 

ToUdQmnmes 

Date  of  trial 

Duration  of  trial,  hours 

Weight  of  coal  as  fired,  lbs 

Percentage  of  moisture  in  ooaL 

Total  weight  of  dry  coal  con- 
sumed   

Total  ash  and  refuse  cleaned 
from  top  of  grate 

Percentage  of  same  compared 
to  dry  coal  burned 

Water  actually  ev£^)orated 

Water  used  by  blowers 

Useful  net  actual  evaporation . 

Factor  of  evaporation 

Equivalent  useful  water  evap- 
orated from  and  at  212  de- 


grees 


Hourly  Quantities 

Coal  as  fired  consumed  per 
hour 

Dry  coal  consumed  per  hour. . 

Dry  coal  per  sq.  ft.  of  grate 
surface  per  hour 

Total  water  actually  evapo- 
rated per  hour .* 


428q.ft.(6ft.X7f 
1,877  8q«  ft 

44.7  to  1 

5/16-in.  round  hd 
8.5 


Dec.  13, 1912 

8 

5,907 

9.58 

5,3411b. 

7261b. 

13.6 

41,358  lb. 

974  lb. 

40,384  lb. 

1.19 

48,0571b. 


7381b. 
668  Ih. 

15.91b. 

5,170  lb. 


BOILER  TESTS 


297 


TEST  ON  NO.  3  BUCKWHEAT  COAL — Continued 


Hourly  Qiuiniities — Continued 

Total  equivalent  evap.  per  hr. 
per  sq.  ft.  of  heating  surface 

Equivalent  evap.  per  hr.  used 
by  the  two  No.  7E  blowers . . 

Total  equivalent  evaporation 
per  hr.  from  and  at  212  de- 
grees  

Average    Pressures,     Tempera^- 
lures,  etc. 

Steam  pressure  by  gauge. . . . 

Temperature  of  feed  water  en- 
tering boiler 

Temperature  escaping  gases 
from  boiler 

Temperature  air  entering  ash- 
pit   

Force  of  draft  between  damper 
and  boiler,  water  gauge, 
inches 

Draft  pressure  under  grate, 
inches  water 

Draft  pressure  over  grate 

Horse  Power 

Total  horse  power  developed . . 
Horse  power  developed — correct- 
ed for  steam  used  by  the  blow- 


ers 


Builders'  rated  horse  power 
at  12  sq.  ft.  per  horse  power 

Percentage  rated  useful  horse 
power  developed,  useful  steam 

Percentage  of  horse  power  used 
by  the  blowers 


3.26  lb. 
145  lb. 

6,152  lb. 


112  lb. 

67  degrees 

493  degrees 

40  degrees 

0.273  vacuum 

0.415  pressure 
0.15  vacuum 

178.3 


174  A 
156.0 
111.5  per  cent 
2,35  per  cent 
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TEST    ON    NO'    3    BUCKWHEAT    COAL CotUmuei 


Horse  Power — Continued 

Boiler  horse  power  used  by  the 

blowers 

Economic  fiesu/te 

Water  apparently  evaporated 
under  actual  conditions  per 
lb.  of  coal  as  fired 

Water  actually  evaporated  cor- 
rected for  steam  used  by 
blowers.per  lb,  of  coal  aa  fired 

EquimUnt  iisefal  emporaiion 
per  lb.  of  coal  as  fired 

Equivalent  evaporation  per  lb.  of 
dry  cocU  corrected  for  steam 
consumption  of  blower . . . 


Efficiency 
Calorific  value  of  the  dry  coal 

per  lb 

Moisture  in  coal  as  delivered  to 

firemen 

Net  efficiency  of  boiler  indwhng 

grate  based  on  dry  coal . . . 


Cost  of  Evaporation 

Cost  of  coal  delivered  at  plant 

Cost  of  coal  for  evaporaling  1,000 

lb.  of  water  from  and  at  SIS 

degrees 

Cost  of  coal  for  evaporating 
1,000  lb.  of  water  from  and 
at  212  degrees,  adding  10 
cents  per  ton  to  include  un- 
loadir^  and  handling  to  fire- 


I 


6.84  1b. 
8.13  Ih. 


12,670  B.t.u. 
9.58  per  cent 
69  per  cent 

$1.80  for  2,240  lb. 

K:OSSS 
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NOTES  ADDED  TO  BOILER  TEST 

Tests    Made   on  Percentage   of  C0%   {Carbon 

^^>'^)  per  cent 

Sample  taken  at  2  p.m.,  about  3  minutes  after 

firing,  blast  on 15 

Sample  taken  at  2:20,  about  5  minutes  after 

firing,  blast  on 14 

S^unple  taken  at  2:45,  fire  well  burned,  blast  on  11.8 
Sample  taken  at  3.-02,  about  2  minutes  after  fir- 
ing, blast  on 11 

Sample  taken  at  3:20,  just  after  leveling  fire, 
blajst  on 10 

The  above  analyses  show  a  good  grade  of 
combustion.  The  CO2  should  approach  15 
per  cent  as  nearly  as  possible  for  the  best 
factory  work  and  should  not  go  below  10  per 
cent  with  No.  3  buckwheat  or  other  hard 
coals.  When  the  COj  drops  below  10  per 
cent  too  much  air  is  being  admitted  to  the 
fire,  and  the  damper  should  be  throttled 
dov^n  to  prevent  this  excess  and  the  holes  in 
fire  bed  carefully  covered,  and  also  a  little 
greater  depth  of  fire  will  tend  to  work  to- 
i^vards  reducing  this  excess  air. 

NOTES  ON  FIRING 

The  fire  was  cleaned  at  8  a.  m.  The 
cleaning  was  completed  and  fire  freshly  cov- 
ered with  coal  by  8:30,  when  the  test  was 
started.  The  fire  was  cleaned  at  noon,  the 
noon  hour  being  thirty  minutes  at  this  plant 
The  boiler  was  allowed  to  blow  off  twenty  to 
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twenty-fire  miiiiiteB  dming  this  noon 
ing  operation. 

The  fire  was  finally  cleaned  at  4  p.  m.  andi 
the  cleaning  was  completed  and  fire  fresh|f  | 
coTered  with  coal  by  4:30  p.  m.  when  the  teflt^ 
was  stopped. 

There  was,  therefore,  the  same  amount  of 
nnbnmed  coal  on  the  grate  at  the  end  as 
at  the  beginning  of  the  test  so  that  tiie 
amount  fired  between  8:30  and  4:30  was  the 
amount  which  was  actually  burned  during  tfas 
test  and  charged  against  the  boiler  and  tl^ 
steam  produced. 

FIBIKO 

The  spreading  method  of  firing  was  used 
throughout  the  test,  and  there  was  usually 
only  a  small  interval  of  time  between  the  cov- 
ering of  one  side  of  the  furnace  and  the  cov- 
ering of  the  other  side.  From  8 :30  to  12 :50, 
or  about  four  hours  and  a  half,  there  were 
19  coverings  of  coal  including  the  cleaning. 
Between  12 :50  and  4 :30,  or  about  three  hours 
and  a  half,  there  were  about  the  same  num- 
ber of  coverings.  The  firing  during  the  first 
period  mentioned  was  done  by  the  expert 
fireman  of  the  XY  Mfg.  Co.,  and  in  the  after- 
noon period  the  fire  was  handled  by  the  regu- 
lar factory  fireman  with  the  exception  of 
the  final  .cleaning  which  was  done  by  the 
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man.  It  is  my  judgment  that  the  regular 
fireman  kept  as  good  a  fire  as  the  XY  man; 
and  there  is  no  reason  why  the  efficiency 
sho\^n  in  this  test  should  not  be  kept  up  con- 
tinuously. 

The  following  test  on  No.  1  buckwheat  was 
made  in  the  same  plant  as  the  test  on  No.  3 
buckwheat  immediately  preceding.  The  plant 
originally  burned  the  more  expensive  coal 
iw^ith  natural  draft  and  was  then  **put  over'' 
on  the  No.  3  buckwheat  with  forced  draft. 
A  comparison  of  tlie  costs  of  evaporation  of 
the  respective  systems  will  indicate  the  per- 
centage of  saving  effected  by  tliis  cliange. 
The  advisability  of  such  a  change  depends 
upon  efficiencies  and  coal  prices,  dependabil- 
ity of  coal  supply,  and  upon  the  human  fac- 
tor. This  latter  may  never  be  disregarded 
\nrith  impunity  in  changing  over  from  one 
kind  of  coal  to  another  which  involves  new 
firing  methods. 

TEST  ON  NO.  1  buckwheat;  ANTHRACITE  COAL,  HAND 

FIRED 

Horizontal  tubular  boiler,  natural  draft,  combus- 
tion bafHe  arch  under  boiler. 


Kind  of  fuel 

Kind  of  furnace 


No.  1  Buckwheat 

Anthracite 

Stationary  grate, 

<  special  combustion 

arch  under  boiler 
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TEST  ON  NO.  1  BUCKWHEAT — CofiHrmed 


Kind  of  boiler 

State  of  the  weather 

Method  of  starting  and  stop- 
ping test 

Date  of  trial 

Duration  of  trial 

Dimensions  and  Proportions 

Grate  siuf  ace 

Height  of  furnace 

Approximate  width  of  air  spaces 

in  grate 

Proportion  of  air  space  to  whole 

grate  siuf  ace 

Dimensions  of  boiler 

Water  heating  surface 

Superheating  surface 

Ration  of  water-heating  surface 
to  grate  surface 

Steam  pressure  by  gauge,  aver- 
age  

Force  of  draft  between  damper 
and  boiler 

Force  of  draft  in  furnace 

Force  of  draft  or  blast  in  ashpit 

Average  Temperatures 

Of  external  air 

Of  fireroom 

Of  feed  water  entering  boiler . . 
Of  escaping  gases  from  boiler . . 

Fvd 

Size  and  condition 

Weight  of  coal  as  fired 

Percentage  of  moisture  in  coal . 


Horizontal  tubujar 
Clear  and  cold 

Alternate 

12/18/13 
6  hrs.,  4  min. 


6ft.x6ft.=36sq.  ft. 
36  in. 

1/4  m.  to  6/16  in. 

About  33  per  cent 
'  6  ft.xl7  ft.  with  82 
4  in.  tubes 
1,598  sq.  ft. 


44.4  to  1 

391b. 

0.42  in.  water 
0.32  in.  water 
Atmospheric" 


31  degrees 

68  degrees 

59  degrees 

642  degrees 

Clean  but  wet 

3,905  lb. 
6.98  per  cent 
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TEST  ON  NO.  1  BUCKWHEAT — Continued 


Fttd — Continued 
Fotal  weight  of  dry  coal  con- 
sumed   

Total -ash  and  refuse 

Fvel  per  Hour 
X>ry  coal  consumed  per  hour. . 
rhy  coal  per  sq.  ft.  of  grate  sur- 
face i)er  hour 

Calorific  Value  of  Fuel 
Calorific  value  by  oxygen  cal- 
orimeter, per  lb.  of  dry  coal 

Water 

Total  weight  of  water  fed  to 
boiler 

Factor  of  evaporation 

Equivalent  water  evaporated 
into  steam  from  and  at  212 
<legrees 

.  Water  per  Hour 

Actual  water  evaporated  per 
nour 

^^^valent  evaporation  per 
hour  from  and  at  212  degrees 

^^*}J^Valent  evaporation  per 
^^Ur  from  and  at  212  degrees 
P^r  sq.  ft.  of  water-heating 
surface 

Horse  Power 

°<>ifer  horse  power  developed . . . 
Builders'  rated  horse  power  at 

10  sq.  ft.  per  horse  power . . . 
Percentage    of   builders'    rated 

horse  power  developed 


3,632  lb. 
650  lb.  (approx.) 

599  lb. 
16.6  lb. 


12,285  B.t.u. 


23,920  lb. 
1.1833 


28,305  lb. 

3,936  lb. 
4,660  lb. 


2.91  lb. 

135 
160 

844  v^  <^^^ 


r^'^ 
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T15T  cw  350.  1  BTCEWHEAT — Continued 


RandU 

WA::«rr  a^pfttz^efithr  evaporated 
ui>ier  ;&mxal  conditions  per 

^^.  •x  coal  as  fired 

Equfvalent  evaporaticm  from 
^stnd  a:  212  degrees  per  lb.  of 

coal  as  fired 

E'r^\z*3l<ryU  (vap^wxidian  from  and 
ci  31  i  diigrtt^  per  lb.  of  dry  coal 

Eficiency 
Efia'e^iCy  of  boder,  induding 
th:  r^iU:  heat  absorbed  by  the 
I'yuK"  per  lb.  of  dry  coal,  di- 
n  J«  i  b-j  (hi  heat  value  of  1  lb. 
ofd-y  o:"?.!  A,S.  M.  E.  Code) 

Co<t  of  Evaporation 

Cost  of  coal  per  ton  of  2,240  lb. 

delivereil  in  boiler  room .... 

Cost    of   fuel   for  evaporating 

IJXXI  lb.  of  water  under  ol> 

serveii  conditions 

Cost  of  fiul  u Sid  for  a^aporating 
1  fJJt^  lb.  of  water  from  and  at 
212  degrees 

Method  of  Firing 

Kind  of  firing  (spreading,  alter- 
nate, or  coking) 

Average  thickness  of  fire 

Average  intervals  between  fir- 
ings for  each  furnace 

Average  interval  between  times 
of  leveling  or  breaking  up. .  . 

Analysis  of  the  Dry  Gases 

Carbon  dioxide  (CO2) 


6.121b. 

7.25  lb. 
7.79S  ». 


61.5  per  cent 


$2.76 


$0,207 


$0.1693 


Spreading 
About  5  in. 

16.6  min. 

2hrs. 


10.3  per  cent  (av 
erage) 
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Methods  fob  Boilee  Testing 

The  following  description  of  the  author's 
method  of  weighing  the  feed  water  in  a  boiler 
test  is  herewith  presented  in  connection  with 
Fig.  22.  An  extremely  accurate  water 
weigher  is  used  which  automatically  records 
the  actual  weight  of  the  water  fed  to  the  boil- 
ers. By  actual  test  this  weigher  shows  a 
maximum  error  of  one-third  of  one  per  cent 
and  is  far  superior  to  hand-operated  water 
tanks  for  accurate  boiler  testing. 

The  water  weigher  as  shown  at  the  right  in 
Fig.  22,  on  page  306,  is  set  above  the  sump 
tank,  which  may  take  the  form  of  a  hogshead 
or  any  kind  of  a  tank  of  suitable  size.  Either 
hot  or  cold  water  under  pressure  is  piped  to 
the  water  weigher,  its  admission  being  regu- 
lated by  a  hand  valve  operable  from  the  floor. 
A  separate  feed  pump,  as  shown,  draws 
the  water  from  the  sump  tank  and  delivers  it 
through  a  special  connection  to  the  boiler  or 
boilers  to  be  tested.  The  diagram  shows  this 
special  connection  in  its  proper  location  for 
testing  all  the  boilers  in  the  battery  together. 
When  it  is  desired  to  test  a  single  boiler,  the 
connection  shown  at  A  is  inserted  in  the  indi- 
vidual branch  of  the  feed  line  to  any  boiler  as 
designated  at  A-1. 
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This  special  connection  consists  simply  of 
a  too,  three  valves,  and  a  drip  connection  with 
proper  nipples  as  shown  in  the  detail  of  Fig. 

One  purpose  of  using  this  special  piping 
arrangement  is  to  allow  quick  starting  and 
stopping  of  a  boiler  test.  That  is  to  say,  by 
operating  the  valves  of  the  special  connec- 
tion the  boilers  may  be  changed  over  instant- 
ly from  the  testing  feed  pump  to  the  regular 
food  pump,  and  vice  versa.  This  piping  ar- 
rangomont  also  shows  up  any  leakage  that 
might  occur  either  from  the  boilers  back 
through  the  regular  feed  pump  while  the  Jest 
is  on,  or  from  the  regular  feed  pump  into  the 
boilors  (luring  such  period.  The  leak  in  either 
(lirootion  will  bo  indicated  by  the  drip  con- 
nod  ion  as  shown  between  the  two  valves  on 
tlio  lioi-izontal  run,  the  cock  or  valve  being 
loft  opon  (luring  the  boiler  tost.  One  excel- 
lont  f(^aturo  of  this  standard  connection  is 
that  it  may  ho  cut  to  accurate  length  and  in- 
serted in  half  an  hour  at  noon-time  or  at 
night  williont  disturbing  the  regular  opera- 
tion of  tlio  ])lant. 

A  conv(Mii(Mit  location  for  the  feed-water 
thormomotoi-  is  indicated  on  the  suction  of 
the  tost  pump.  This  thermometer  is  of  spe- 
cial con  si  ruction  and  is  very  accurately  cali- 
brated. 
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^^  Gas  anb  Draft  Connections  fob  Boiler 

Testing 

This  diagram  (Fig.  23)  shows  the  author's 
^^thod  for  obtaining  samples  of  flue  gas  for 
^^alysis  from  any  boiler  in  the  battery  being 
*^sted. 

This  method  makes  double  use  of  the  sam- 

£.     piping  from  the  uptake  of  each  boiler. 

^  ^^st  this  piping  connects  to  the  draft  gage, 

^^  measuring  the  intensity  of  draft ;  and  sec- 

^^<i,  it   furnishes   a   practically   continuous 

®^Hlple  of  flue  gas  for  analysis  in  the  Orsat 

^^ohine  which  stands  on  the  table.    A  Vs-iiich 

^**^xidard  gas  pipe  is  run  from  the  uptake  of 

^^ch  boiler  and  connects  to  a  cross  or  uiani- 

*^ld  at  the  point  1  close  by  the  table.    Thus 

^^o  uptake  of  any  boiler  may  bo  conneet(fd  to 

^Uher  the  draft  gage  or  the  flue-gas  machine 

&8  desired. 

The  gas  is  drawn  through  the  burette  of 
the  Orsat  machine  by  means  of  a  water  oper- 
ated ejector  2  which  is  connected  to  the  top 
of  the  leveling  bottle  3,  By  breaking  the  con- 
nection between  the  water  bottle  and  the  ejec- 
tor a  sample  of  gas  is  entrapped  and  water- 
sealed  in  the  burette  of  the  Orsat  machine. 
The  dotted  line  shows  a  piping  connection 
between  the  zero  end  of  the  Ellison  dri 
gage  and  the  furnace  of  the  boiler,     ^^ 
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use  the  frictionnl  loss  of  draft  between  the 
furnace  tind  the  boiler  uptake  may  be  ob- 
tained 00  tbe  draft  gage  in  the  form  of  a 
direct  reading  without  calculation. 


Chapter  XII 
COMBUSTION 

THE  object  of  this  chapter  is  to  set  forth 
in  a  convenient  form  the  fundamental 
physical  and  chemical  data  relating  to  the 
combustion  of  fuel  and  to  point  out  certain 
errors  which  are  prevalent  in  connection 
with  the  use  of  combustion  analysis  for  the 
determination  of  chimney  losses.  So  much 
misunderstanding  exists  even  among  engi- 
neers in  relation  to  the  problems  here  in- 
volved that  the  thorough  study  given  to  this 
chapter  is  rendered  well  worth  the  effort  it 
has  required. 

The  one  greatest  loss  in  steam-boiler  op- 
eration is  that  due  to  the  heat  carried  away 
by  the  dry  chinmey  gases.  This  loss  (L)  is 
equal  to  the  weight  of  the  dry  products  of 
combustion  multiplied  by  their  average  spe- 
cific heat  and  by  the  difference  in  tempera- 
ture between  the  air  in  the  fireroom  and  the 
escaping  gases  from  the  boiler. 

311 
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Disregarding  sulphur,  carbon  and  hydro- 
gen are  tlie  only  heat-producing  elements  in 
a  coal,  and  of  these  carbon  alone  produces 
dry  gases  upon  combustion.  Tlie  hydrogen 
burns  to  HoO  and  together  with  the  water 
contained  in  the  coal  produces  the  **wet" 
portion  of  the  products  of  combustion,  and 
the  loss  due  to  these  constituent:?  mav  best  be 
calculated  separately.  Furthermore,  the  hy- 
drot?on  constituent  of  a  coal  rarelv  exceeds 
23  p<^r  cent  of  the  heat  value  of  the  coal.  We  ] 
are  th<.*r<'foro  first  concerned  with  the  com-  ' 
bustioii  of  the  carbon  and  its  attendant  chim- 
ney loss.  As  will  be  shown  later  in  this  chap- 
tor,  a  chinini^v-loss  curve  constructed  on  the 
basis  of  Imniin^  pure  carbon  and  relating 
this  loss  to  vohnnotric  CO2  as  determineil 
by  :in  ( )rsat  ^^•ls  apparatus  does  not  hold  good 
for  luirniiii^  (M)al.  This  fact  seems  to  be  al- 
most univ(»rsally  <lisregarded  by  the  great 
majority  of  ''combustion  engineers.'* 

Our  first  duty,  however,  is  to  construct 
such  a  piin^-carhon  curve  as  carefully  as  pos- 
sible, and  then  to  construct  a  curve  for  an 
actual  coal  in  order  in  the  course  of  the  ar- 
gument to  develop  (luantitatively  the  differ- 
ences that  occur.' 

It  is  most  common  practice  to  find  pure- 
carbon  COo  curves  ai)plied  for  the  determi- 
nation of  chimnev  loss(»s.     The  results  thus 


?    il .   a-..  If 

T'arceAta^e    of    fia 

iopa I  JPQ' 

H€-\i.t  carried,  ptwa^  by  V^  ri 

^/iiJiJiifaatiil.'"" 
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will  be  erroneous  because  we  bum, 
carbon,  but  coal  which  contains 
iBtituents.  In  addition  to  this,  even 
[  have  pure-carbon  fuel  many  per- 
Id  obtain  wrong  deductions  from  the 
p  the  reason  that  the  losses  of  the 
J  based  not  on  the  total  carbon  fed 
mace  but  on  that  part  only  of  the 
hich  is  burned  and  gasified.  Fur- 
,  in  developing  the  pure-carbon 
wn  in  Fig.  24, 1  have  found  serious 
a  set  of  curves  which  were  looked 
standard. 

1  now  proceed  to  consider  the  com- 
bustion^ of  a  pound  of  carbon  from 
grate.  In  the  following  discussion 
nclature  given  in  the  explanatory 
)ages  314  and  315  will  be  employed, 
mbols  for  convenience  have  been 
mtical  with  those  used  by  Ed- 
Uehling  in  his  valuable  paper  on 
tion  and  Boiler  Efficiency"  pre- 
fore  the  American  Society  of  Me- 
Engineers  in  1910.  Some  of  his 
f  reasoning  has  been  employed  in 
it  discussion. 


corabiisiion"  mcan8  entire  oxidation  of  nil  the  fuel  con- 
9  C  niuat  bum  to  CO2  and  II  to  H2O.  "Perfect  combus- 
!  defined  as  complete  combustion  with  zero  excess  oxygen 
rm  "chemical  combustion"  may  be  uaed  interchangeably 
ombustion". 
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Ld     =  Heat  in  B.t.u.  earned  away  by  dry  chimney 

gases  per  weight  of  fuel  containing  one  pound , 

of  carbon  burned. 
Wd   =  Pounds  of  dry  chimney  gases  per  wei^t  of 

fuel  containing  one  pound  of  carbon. 
L      =  Pounds  of  dry  chimney  gases  per  pound  of 

combustible  burned. 

W    =  Pounds  of  dry  chimney  gases  per  pound  of 

combustible. 

Lc     =  B.t.u.  loss  due  to  heat  value  of  CO  in  chimney 

gases  per  pound  of  carbon. 
Lci    =  B.t.u.  loss  due  to  heat  value  of  CO  in  chinmey 

gases  per  pound  of  combustible  burned  from 

grate. 
A      =  Pounds  of  air  consumed  in  burning  a  weight 

of  fuel  containing  a  pound  of  carbon. 
Ac    =  Theoretical  pounds  of  air  required  to  bum  a 

pound  of  carbon. 

Ab     =  Theoretical  pounds  of  air  required  to  bum  a 

pound  of  hydrogen. 
Ae     =  Pounds  of  air  in  excess  of  that  theoretically 

rccjuired  to  ])urn  a  weight  of  fuel  containing  a 

pound  of  carbon. 

Ila    =11 rr  iri  which 

8 

H     =  Pounds  of  hydrogen  in  a  weight  of  fuel  con- 
taining one  pound  of  carbon. 
O      =  Pounds  of  oxygen  in  a  weight  of  fuel  contain- 
ing on(5  j)()iin(l  of  car]x)n. 
That  is  Hj^  =  that  portion  of  hydrogen  in  the 
fuel  which  requires  a  supply  of  oxygen  (or 
air)  for  its  combustion.     This  calculation 
assunu^s  that  the  oxygen  content  of  the  fuel 
is  us(mI  for  ])iirning  its  equivalent  of  hydro- 
gen.    I'hc^n  the  remaining  hydrogen  (HJ 
phjs  the  carbon  determines  the  amount  of 
air  that  must  be  suppUed  for  combustion 
through  tlie  furnace. 
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P  =  Volumetric  percentage  of  COj  by  Orsat  an- 
alysis of  chimney  gases. 

Pc  =  Volumetric  percentage  of  CO  by  Orsat  an- 
al3rsis  of  chimney  gases. 

S  =  Mean  specific  heat  of  dry  chimney  gases  be- 
tween the  extremes  of  zero  and  perfect  com- 
bustion. 

T  =  Temperature  Fahrenheit  of  gases  escaping 
from  boiler. 

t       =  Temperature  Fahrenheit  of  air  in  fireroom. 


Deduction  of  Dry-Gas  Chimney  Loss  in  the 

Complete  Combustion  of  One  Pound 

OP  Pure  Carbon  to  COj  with 

Varying  Amounts  of  Air 

Ld  =  WdXS(T  — t). 

For  perfect  combustion  W^  is  equal  to  the 
pound  of  oarbon  plus  the  air  chemically  re- 
quired for  its  combustion.  For  the  determi- 
nation of  the  weight  of  this  air  we  have  the 
chemical  equation  for  the  combustion  of  car- 
bon:— 

C  +  0,  =  co, 

Expressed  in  atomic  weights  of  the  ele- 
ments we  have : — 


T  32  -  44     J     Hence  for  each  weight  or 


C 

12 

32 
pound  of  carbon  we  must  supply  —  =  2.666  weights 

or  pounds  of  oxygen. 


^f    ^-  ■  ',^£L  Tia;KrrT3;*!r 


'P 


1 


-n«*s.*  3!r]«fiB;E  tS  be 

2i  CO* 

idri'v  f^  per  «tt  CO^ 
Tr.if  f^'E-jTs  from  Avq 
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changed  the  volume  is  constant.    Now  when 
oxygen  unites  with  carbon  the  number  of 
Molecules  remain  the  same.  Thus : —  1  mole- 
^le  of  carbon  (C)  +  1  molecule  of  oxygen 
(O2)  =  1  molecule  of  CO^.    Hence  the  volu- 
metric relation  of  nitrogen  to  COo  or  to  a 
mixture  of  CO2  +  0  in  the  combustion  pro- 
ducts remains  constant  and  the  same  as  its 
''elation  to  0.    It  follows  that  with  any  excess 
^f  air  from  zero  (perfect  combustion)  to  in- 
^ity  (no  combustion)  in  the  burning  of  pure 
^^I'bon  the  volumetric  percentages  of  COo  + 
^  When  no  CO  is  present  will  always  add  up 
^^  21.    We  have  seen  that: — 

I^erfect  combustion  of  a  pound  of  carbon 
^^^uires  11.6  pounds  of  air,  results  in  12.6 
f^^Unds  of  products  of  combustion,  and  will 
5^0^  21  per  cent  CO2  by  volumetric  analysis. 
1^^  must  now  relate  the  air  supply  and  there- 
^^^e  Wj  to  the  volumetric  CO.,  of  our  CO2 
^^chine,  by  means  of  which  together  with  a 
^^itable  thermometer  in  the  flue  gases  we 
^^st  be  able  to  compute  our  cliinmoy  loss, 
^^ch  molecule  of  CO2  contains  a  molecule  of 
^-^ygen  and  represents  the  satisfaction  of 
^^^mical  combustion  requirements.  Each 
Molecule  of  free  oxygen  is  of  the  same*  weiglit 
^^  the  oxygen  in  the  CO2  molecule.  Hence 
^Om  our  gas  analysis  we  may  readily  com- 
^^te  the  weight  of  air  in  excess  of  chemical 
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tlianged  the  volume  is  constant.    Now  when 
oxygen   unites  with  carbon  the  number  of 
nolecules  remain  the  same.  Thus : —  1  mole- 
sule  of  carbon  (C)  +  1  molecule  of  oxj^gen 
O2)  =  1  molecule  of  COj.    Hence  the  volu- 
aetric   relation  of  nitrogen  to  COo  or  to  a 
aixtnre  of  CO2  +  0  in  the  combustion  pro- 
lucts  remains  constant  and  the  same  as  its 
•elation  to  O.    It  follows  that  with  any  excess 
>f  air  from  zero  (perfect  combustion)  to  in- 
inity  (no  combustion)  in  the  burning  of  pure 
jarbon  the  volumetric  percentages  of  CO2  + 
)  when  no  CO  is  present  wjll  always  add  up 
;o  21-     We  have  seen  that: — 

Perfect  combustion  of  a  pound  of  carbon 
requires   11.6  pounds  of  air,  results  in  12.6 
pounds  of  products  of  combustion,  and  will 
show  21  per  cent  CO2  by  volumetric  analysis. 
We  must  now  relate  the  air  supply  and  there- 
fore ^Wd  *^  ^^^  volumetric  CO2  of  our  COj 
machine,  hy  means  of  which  together  with  a 
suitable    thermometer  in  the  flue  gases  we 
must  be  able  to  compute  our  chimney  loss. 
Each  molecule  of  CO2  contains  a  molecule  of 
oxv^e^    and  represents  the  satisfaction  of 
Chemical    combustion    requirements.     Each 
Kjlecule  of  free  oxygen  is  of  the  same  weight 
B»Vhe  oxygeii  i^  t^^  ^^    "  olecule.    Hence 

**>m  our  gas  anp  readily  com- 

te  the  weif ' '  s  of  chemical 
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requirements,  and  knowing  that  one  pound 
of  carbon  requires  11.6  pounds  of  air  for  per- 
fect combustion,  we  may  compile  a  table  as 
exhibited  on  page  318  in  which  only  a  few  re- 
Bults  are  given  by  way  of  illustration. 

Next  we  must  determine  the  specific  heat 
of  W^.     This  depends  upon  its  composition 
which  varies  from  perfect  to  zero  combustion 
as  follows: — 

Perfect  combustion  of  one  pound  carbon  re- 
sults in 

3.67  pounds  CO2  X  specific  heat  0.2170  =  .  .0.796 
8.93  pounds  N     X  specific  heat  0.2438  =  ..  2.180 


12.60  total  pounds  products  of  combustion.  .2.976 
+  12.6  =  0.236  specific  heat  at  perfect  combustion. 
Zero  combustion  results  in  atmospheric  air  whose 
heat  according  to  Regnault  is  0.2375. 


The  mean  specific  heat  of  the  flue  gases 

Iwtween  the  extremes   of  combustion  con- 

*tionB  is  therefore  (0.236  +  0.2375)  -r-  2 

=  0^37  =  S.    If  now  we  assume  various  flue 

W8  temperatures  and  a  fire-room  tempcra- 

^^6  of  say  80  degrees  F.  we  shall  have  all 

the  data  required  to  construct  an  accurate 

"®t  of  curves  which  will  show  the  true  rela- 

fion  of  ohimney  loss  to  volumetric  porcent- 

**8e8  of  COj  as  found  in  the  flue  gas,  when 

pure  carbon  is  the  fuel.    An  example  is  here 

qtioted  which  will  illustrate  the  method  for 
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determiiiatioii  of  the  «nrr*s5  ir  Fit  f4  for 
pure  carboxL 

AsBume  T      =»  400  deems  F. 
t        =    8C^  dfCTM^  F. 

CX>2    =         TpBT  flHDX 

O       =14  per  Mac 

CO    =      0  pesr  oesca 

Substituting  in  the  formula: — 

=  Wd  X  S  (T  —  i) 

=  35.8  X  0.237  (400  — » 

=  2,715  B.t.u.,  and  the  per  caii  loas 

based  on  the  carbon  bunied  v31 

be 


Chimney  Loss  in  the  Dby  G.^^es  fbom  thk 
Combustion    of    Actual.   BiTuitfiNors 
Coal.     Deduction  of  a  Set  of 
Curves  for  a  Selected  Coal 

Tho  term  combustible  in  this  discussion  is 
used  according  to  the  definition  adopted  by 
the  American  Society  Mechanical  Engineers, 
e.  g..  the  coal  whius  ash  and  moisture,  h^ 
strict  sense  this  is  not  a  correct  definition 
since  the  fuel  contains  oxvafon  which  should 
not  onlv  fiof  be  rated  as  a  combustible  but 
should  be  rateil  as  a  htat  deductor.    That  is? 
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the  oxygen  is  likely  to  be  in  chemical  union 
with  the  carbon  before  combustion,  it  may 
possibly  be  united  with  the  hydrogen  though 
not  so  likely,  or  it  may  be  chemically  com- 
bined with  both  hydrogen  and  carbon.  (See 
discussion  in  Chapter  XVI  on  fallacy  of  Du- 
long's'  formula.) 

In  any  event,  the  oxygen  content  reduces 
the  available  heat  value  of  a  fuel  by  com- 
bining with  and  thus  neutralizing  a  portion 
of  its  otherwise  combustible  elements.  For 
this  reason  it  is  safe  to  rely  for  calorific  de- 
terminations only  upon  actual  oxygen  bomb- 
calorimeter  tests.  This  policy  is  maintained 
in  the  following  deductions. 

The  question  of  air  supply  is  a  separate 
and  distinct  matter  from  that  of  chemical 
arrangement  before  combustion  of  the  fuel 
constituents,  but  this  however  is  directly  in- 
fluenced by  the  a/mounts  of  both  hydrogen 
and  oxygen  in  the  fuel. 

For  convenience  of  computation  we  shall 
assume  that  after  combustion,  the  oxygen 
constituent  of  the  coal  will  be  found  united 
to  its  chemical  equivalent  of  hydrogen.  This 
oxygen,  whether  assumed  to  connect  with  the 
carbon  or  with  the  hydrogen  in  the  final 
analysis,  will  in  either  event  have  exactly  the 
same  effect  in  reducing  the  air  theoretically 
required  to  burn  the  fuel,  and  we  shall  have 
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:>'  supply  t»noiigh  air  to  burn  the  carbon  /?. 
»^i!ou;^li  to  burn  tlio  hydrogen  after  we  lu\ 
w*hwWi\  that  ])ortion  of  tlie  hydrogen  ec 
tHiit  which  will  be  satisfied  bv  the  oxvgen  i 
readv  in  the  fuel. 

This  ])art  of  the  hy<Irogen  for  which  \ 
v.M<l  supply  air  is  termed  11^  in  the  follo> 
■•■;^  treatment,  and  it  is  eviiient  that  sine 
':'•*  11^  will  burn  to  IIJ)  which  condenses  i 
: '•'  Orsat  machine,  the  original  volume  o 
oxycen  suppli<Ml  in  air  to  the  fuel  will  no 
:ivp«:'ar  as  m«'asural)le  in  the  Orsat;  conse 
;*:•;:  riy  the  sum  of  C'Oo  +  O  (when  no  CO 
.'-  ''v.irocarlxMis  are  pri'S(»nt)  will  equal  a 
*. I  "v  v.:airt'  h'ss  than  -1  de])ending  upon  tli«' 
•i'.'  *  ot'  ir    to  tin*  carbon  content  of  the  fuel 

mm 

''!.■  "itroirt'ii  of  tlu*  air  supplied  to  burn  tlu 
■^  ■  "■  t//'/" /n\  without,  howi»Vi»r,  its  nor 
tva'  ^'o'.v.plouirnt  ot*  oxygen.  This  adds  toth< 
uv'v^cv.  ratio  of  tiie  analyzablr  gas  in  tlu 
'i>s4:.  t::us  ri'ducing  the  pi»rcentage  sum  o* 
'\\  i\  /.oro  CO  and  z<»ro  hydrocarbon: 
•ti'.i'.i;  .issiuih'd  as  liyjiothesis  in  this  treat 


•m ''i. 


^.^  .ill  actual  example  illustrative  of  tbl 

,.  i.   '•!  the  produets  of  combustion  of  nat 

.     <saL>*hich  has  a  hiirh  hv<lroiren  conien 

,,^  ouavU'O.  —  O  r  (zero  00)  iHiiudsa 

^  ^ \'\'r  cent,   if  we  buruiHl  ])ure  hydr( 

^.^*^\  wit'         excess  air  our  tlue-gi 
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lalysis  would  show  100  per  cent  nitrogen 
ad  zero  oxygen.  That  is,  the  sum  of  COg 
-  O  would  be  zero,  while  for  carbon  under 
qually  perfect  conditions  we  would  have  21 
»er  cent  CO2  and  79  per  cent  N.^ 

With  this  introduction  we  may  now  pro- 
seed  to  a  determination  of  the  dry  chimney 
loss  as  related  to  CO2  and  flue  temperature 
resulting  from  the  combustion  of  an  actual 
sample  of  bituminous  coal  which  has  been 
selected  as  representative  of  good  Pennsyl- 
vania fuel.    In  the  following  deductions  it  is 
assumed  that  all  the  hydrogen  in  the  coal  re- 
solves to  H2O  in  the  flue  gas,  and  that  neither 
CO  nor  any  hydrocarbons  are  present.    Sul- 
phur is  disregarded.  *  *  Combustible ' ',  it  must 
be  remembered,  is  coal  minus  ash  and  mois- 
ture. 

In  making  boiler  tests  for  commercial  pur- 
poses where  ordinary  bituminous  coal  is 
^ised,  these  curves  on  Fig.  25  will  give  results 
fer  closer  to  accuracy  than  the  usual  pure- 
carbon  curves.  As  elsewhere  stated,  the 
average  error  resulting  from  the  use  of  the 
pure-carbon  values  as  applied  to  this  partic- 
^r  coal  is  equal  in  magnitude  to  that  which 
would  be  occasioned  by  a  mistake  of  100  de- 
grees in  the  observation  of  the  flue  tempera- 
ture. 

^  N  it  used  as  the  sum  of  nitrogen  plus  argon. 
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3?fi  rHErtsTreo  poweb-plant  losses 

From  this  analysts  H  =  o .  54  per  cent  of  the  a 
bustiMe,  or  for  I  lb.  of  combustible  we  have  0.03M 
lb.  of  hjidroRcn.  The  oxygen  on  siune  basis  = 
0.tfri5  lb.     Pel  WE'i^l  of  fuel  contaimng  1  lb.  nf 

Guhoa  we  have      ^^^  =  0.0652  lb.   of  hydrcf^ 

_-.iO  07»5  ^  jj  jjgjj  j,^  oxygen. 


0.1MS9 


ThenH.  =H— ^ 


H.  =  0.055  tb. 

Now  from  the  atomic  weights  of  H  and  O  we 
know  that  the  bunung  of  H  to  H/)  = 

{  2    +  16  ^  18     1  Hence  1  lb.  of  H  requires  8  lb. 

of  O,  i.e.  ^-55  =  34 . 8  lb.  of  air  or  457  cu.  ft.'  for 

it£  combustion.     The  nitrogen  in  this  amount  of  air 
wiUbeO.79  X  457  =.361  cu.  ft.  of  N. 

When  1  lb.  of  carbon  bums  to  COj  we  require,  as 
before  shown,  11.6  lb.  of  air  or  152  cu.  ft.  From 
these  data  we  may  readily  deduce  that,  for  perfect 
combustion, 

^       152  X  21 
152  +  361  H. 

Reducing  volumes  to  weights  in  this  formula  we 
have: 

^  "  11.6  + 26.7  H.>     '"     P'''"' 

combustion. 

'Wright  Ml  PU.ft.  rfnir-0.07Bl 

•  Wriihtofoii.  ft.  of  N  -  0.0738;  0.073S  X  Ml  =  28.7  ^ 
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The  commercial  accuracy  of  this  second 
formula  for  P  depends  upon  the  very  small 
error  (amounting  to  a  maximum  of  >^  of  1 
per  cent)  which  is  introduced  owing  to  the 
slight  difference  between  the  weight  per  cu- 
bic foot  of  air  and  of  nitrogen.  This  error 
becomes  only  a  fraction  of  the  percentage 
difference  between  the  above  specific  den- 
sities of  the  respective  gases  since  the  **H^ 
Nitrogen '^  forms  only  a  small  part  of  the  de- 
nominator of  the  above  expression  for  P, 
and  this  H^  nitrogen  becomes  relatively  less 
as  excess  air  beyond  chemical  requirements 
is  added. 

Substituting  in  this  formula-  the  H^  de- 
termined for  our  selected  coal  analysis  we 
have : — 

p  ^  11.6  X  21 

11.6  +  (26.7  X  0.055) 
P  =  18.64 

That  is  to  say,  the  maximum  COo  percent- 
age obtainable  in  the  burning  of  tliis  coal  will 
be  not  21  per  cent  but  J8.64  per  cent. 

Now  when  excess  air  above  cliomical  re- 
quirements is  present  the  above  formula  be- 
comes 

P  11.6X21 

11.6 +  26.7  Ha +  Ae 

Applying  this  to  our  special  coal  analy- 
sis in  which  H^  =  0.055,  and  selecting  any 
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per  cent  of  COg — say  10  per  cent — as  might 
be  found  on  the  Orsat  we  may  solve  for  A. 
as  follows: — 

A^  =  ?^  -  13.07,  in  which  P  =  10 

In  which  case  the  excess  air  ( A^ )  will  be  11.29 
pounds  per  weight  of  fuel  containing  a  pound 
of  carbon.  The  percentage  excess  air  over 
that  required  will  be  this  amount  divided  by 
it.    The  air  theoretically  required  will  be: — 

A    =  Ac  +  (Ah  X  Ha),  in  which 
Ac  =  11.6  and  Ah  =  34.8 

Substituting  these  values: 

A    =  11.6  +  (34.8  X  0.055) 
A    =  13.515  lb.  of  air  per  weight  of  coal  con- 
taining 1  lb.  of  carbon. 

Hence  when  the  COo  with  this  coal  is  10 
per  cent,  the  excess  air  will  be 

A  13.515         ^-^ 

per  cent  above  the  amount  theoretically  re- 
quired. 

In  the  construction  of  tlie  following  coal 
curves  P  was  computed  in  this  manner  for 
17  different  values  from  3  per  cent  to  the 
maximum  of  18.64  per  cent  COg,  together  with 
all  the  related  data  given  on  Fig.  25.  These 
may  be  compared  with  the  pure-carbon 
curves  of  Fig.  24. 
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The  heat  carried  away  up  the  chimney  for 
Emy  percentage  of  COj  per  weight  of  fuel  con- 
taining one  pound  of  carbon  will  be: — 

Im    =  Wd  X  S  (T  —  t) 

Wd  =  A«  +  1  +  A«  +  0.77  (H.  X  AO 

The  last  expression  only  of  this  formula 
iemands  explanation  as  follows:  Only  the 
nitrogen  constituent  of  the  air  required  to 
axidize  the  H^  will  be  found  in  the  dry  por- 
tion of  the  chimney  gases,  the  hydrogen  and 
its  equivalent  oxygen  reducing  to  water. 
This  therefore  amounts  to  77  per  cent  by 
weight  of  the  required  air. 

Substituting  the  values  of  our  actual  coal 
which  prevail  when  CO2  =  10  per  cent  as 
per  previous  deduction,  we  have: — 

Wd  =  11.6  +  1  +  11.29  +  0.77  (0.055  X  34.8) 

Wd  =  25.363  lb.  of  dry  products  of  combustion 

from  the  burning  of  the  special  coal 

in  question  when  the  analysis  of  flue 

gases  shows  10  per  cent  CO2. 

Before  applying  the  formula  for  L^  we 
must  determine  S  which  is  obtained  thus: — 

Perfect  chemical  combustion  of  this  coal 
produces  dry  chimney  gases  from  the  W^ 
formula  as  below : — 

.0  A  IK  no  f3.67Ib.  COj      8.07  lb.  OOi  X0.217»- 0.796 

12.6Ib.  CXJt. 18.93  lb.  N. 


12.80 
a. 77  (O.OS6  X  34.8)  -      1.47  lb.  N ^10.40  lb.  N      X  0.244*  «  2.539 

14.071b.  3.335 

»  Bpecifie  he»t  of  COt.  *  Specific  heat  of  N. 
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'   v-=  =  0.237  =  specific  heat  of  dry  gases  when 
combustion  is  perfpct. 
At  the  opposite  extreme,  i.  e,,  zero  combus- 
tion, the  flue  gas  will  be  composed  entirely 
of  air  whose  specific  heat  is.  0.2375. 

Hence  average  specific  heat  of  the  flue 
gases  between  the  two  possible  extremes  will 
be  0.23725.  As  the  error  will  be  less  than 
0.10  per  cent  we  may  call  S  =  0.237. 

To  complete  our  example,  assume  the  tem- 
perature of  the  fire  room  t  =  80  degrees  and 
that  of  the  escaping  flue  gases  400  degrees  F. 
and  substitute  the  values  corresponding  to  10 
per  cent  COj  in  the  formula  :— 

Ld  =  W„  X  S  (T  -  t) 
and  we  have 

Ld  =  25.3e3  X  0-237  (400  — 80) 
Lfl  =  1,923  B.t.u.  I0S.S  per  weight  of  fuel  con- 
taining 1  lb.  of  carbon. 

In  this  case  the  carbon  constitutes  0.8489 
of  the  combustible  so  that  the  loss  per  pound 
of  combustible  burned  will  be 

L  =  0-8489  X  U 
=  1,633  B.t.u. 

We  now  have  a  complete  analysis  together 
with  an  actual  example  of  the  method  em- 
ployed to  determine  the  values  required  for 
the  construction  of  the  curves  on  Fig.  25.  It 
may  now  be  seen  by  a  comparison  of  the  pure 


COMBUSTION  331 

carbon  and  the  actual  coal  curves  how  great 
an  error  may  occur  when  the  former  values 
are  used  for  obtaining  chimney  losses  in  the 
burning  of  coal.  Roughly  speaking,  there  is 
a  difference  between  the  two  sets  of  curves 
amounting  to  a  percentage  heat  loss  corre- 
sponding to  about  100  degrees  difference  in 
flue  temperature. 

Determination  of  H^  in  a  Fuel  from  the 
Volumetric  Analysis  of  the  Flue  Gases 

For  this  solution  samples  of  flue  gas  must 
be  obtained  which  are  free  from  hydrocar- 
bons. 

0„  =  21  —  ( CO,  +  O  +  ^J         in  which 

Om  =  the  volumetric  percentage  of  oxygen  ab- 
sorbed by  the  H»  in  the  fuel. 

CO 
The  sum  of       CO2  -h  O  +  -^       will  equal 

the  maximum  volumetric  percentage  of  COo 
obtainable  under  perfect  combustion  with  the 
fuel  in  question. 
The  formula: — 

0„ 


152  X 


CO 

CO2  +  o  +  '2- 


t  Ozyso  when  uniting  with  C  to  funu  CO  doubles  it8  number  of  niolo- 
^files  and  henoe  ita  resume. 
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will  then  be  the  eabic  feet  of  "measurable  ' 
air"  which  farnislied  oxygen  for  tlie  com- 
bnstion  of  the  H,.    Only  the  N  of  this  air  will  i 
appear  in  the  Orsat  burette  which  is  there-  | 
fore  the  quantity  termed  "measurable  air", 
Now  the  burning  of  a  pound  of  H  results  in 
361  cubic  feet  of  N  (as  before  deduced),  hence 
152  0„ 


H.  = 


(  CO,  +  o  + 


coi 


-which  simplifies  to 


361 


2.37  (C0,  +  0  +  - 


To  illustrate  the  use  of  this  formula  sup- 
pose our  Orsat  analysis  should  give 

CO,  = 

O    = 

CO    = 

Hydrocarbons  = 

Substituting  these  values  we  liave; — 

"■-2.3- (8 +  6) -''-"'■''■ 

The  air  required  by  such  a  fuel  which  oo- 
incides  with  tests  on  natural  gas  will  be: — 


lib.  C  X  11. «  = 
0.211  lb.  H.  X  34.8  = 


11.60 
7.35 


Total  ftir  required  for  chemical  combus- 
tion of  a  weight  of  this  fuel  contain- 
ing 1  lb.  of  carbon 18.95  lb. 
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Now  since  we  are  able  to  obtain  H^  from 
the  analysis  of  a  proper  sample  of  flue  gas, 
we  may  proceed  to  determine  the  approod- 
mate  heating  value  of  the  fuel  which  pro- 
duces these  products  of  combustion  as  fol- 
lows : — 

ax>pboximate  b.t.u.  of  combustibus  from 

Flue-gas  Analysis 

An  amount  of  fuel  containing  1  pound  of 
carbon  will  have  a  heat  value  of: — 

1  lb.  C  @  14,600  B.t.u.  =  14,600  (B.t.u.) 
Ha  lb.  @  62,000  B.t.u.  =  62,000  H.  (B.t.u.) 
Total  heat  =  14,600  -f-  62,000  H^ 

For  example,  take  the  case  of  the  flue-gas 
analysis  just  quoted  from  which  11^  was  de- 
termined to  be  0.211  pound. 

Total  heat  =  14,600  -f  0.211  X  62,000  =  27,682 
B.t.u.  in  an  amount  of  fuel  containing  1  lb.  of  carbon. 

Based    on    combustible    we    have    approxi- 
mately— 

1  4^'^ 211  "  ^^'^^^  ^'^'^'  ^^^  "^' 

A  pound  of  natural  gas  froni  which  such 
an  analysis  might  be  found  would  occupy 
about  21.9  cubic  feet  at  atmosplieric  i)ressure. 

-  ty*  Q    =  1,043  B.t.u.  per  cu.  ft. 
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which  is  a  normaUy  approximate  result  for 
a  natural  gas  (giving  the  assumed  fine-gas 
analysis)  based  on  actual  tests  which  I  have 
made. 

The  B.t.n.  of  the  gas  thus  determined  is 
based  on  that  part  of  the  weight  of  the  gas 
which  is  composed  of  C  and  H^^  only,  where- 
as it  should,  //  correct,  be  based  upon  the 
fnfal  weight  of  the  gas  which  includes  un- 
known quantities  of  H,  0,  N,  CO  and  CO. 
in  various  proportions. 

AVitli  either  coal  or  gas  this  fine-gas  meth- 
od develops  another  error  common  to  both 
applications.     Since  only  the  H^  portion  of 
the  II  is  multiplied  by  the  heating  value  of 
Inidnxjcn,  and  since  the  total  C  is  multiplied 
hif  its  heat  value,  the  result  will  be  the  same 
as  if  calculated  by  Dulong's  formula  (with 
sulphur  disregarded)  and  will  therefore  in- 
clude the   same  error.     The  cause  of  this 
error  as  explained  in  Chapter  XVI  is  the  in- 
correct assunii)tion  by  Dulong  that  the  oxy- 
gen in  the  fuel  is  i)re-combined  wuth  the  hy- 
drogen, which  has  now  been  proved  to  bean 
incorrect  hypothesis  and  leads  to  a  heating 
value  lower  than  would  be  shown  by  an  aO' 
tual  test  by  bomb  calorimeter. 

An  (»xam])le  for  flue-gas  determination  of 
the  heating  value  of  coal  ^^^ll,  however,  b^ 
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of  interest.    Take  the  coal  of  the  composition 
and  heat  value  of  our  curves  on  Fig.  25. 

B.t.u.  per  weight  of  fuel  containing  1  lb.  of  carbon  = 
14,600  +  H.  X  62,000. 

With  zero  hydrocarbons  in  the  flue  gas  this  coal 
would  show: — 

CO,  +  O  +  ^  =  18.64    and 

Om  =  21  —  18.6  =  2.4. 

ThenH.  =  ^  3^^^3^  =  0.055 

We  now  have: — 

B.t.u.  in  1  lb.  C  =  14,600 

B.t.u.  in  0.055  lb.  Hi,  (62,000)  =    3,410 

B.t.u.  in  fuel  containing  1  lb.  C  =  18,010 

Prom  the  proximate  analysis  only  we 
would  not  be  able  to  relate  this  value  to  com- 
bustible, but  since  we  have  in  this  case  the 
ultimate  analysis  we  may  do  so  thus: 

0.8489  X  18,010  B.t.u.  =  15,289  B.t.u.  per  lb.  of 
combustible. 

The  flue-gas  method  of  approximating  fuel 
values  is  not  to  be  recommended,  by  reason 
^f  the  inaccuracies  referred  to  as  well  as 
errors  which  occur  in  the  Orsat  determina- 
tions. The  method  is  of  interest  principally 
^^  account  of  its  scientific  considerations. 

From  formulae  thus  far  deduced  we  are 
ftWe  to  calculate  within  the  limits  of  prac- 
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tical  accnracy  the  amoiin:t  of  heat  c 
away  in  the  "dry"  ohunney  gases.  We  ham 
now  to  consider  the  loss  dne  to  CO  or 
hnmed  carbon  and  aleo  the  heat  carried  amy 
1^  the  saperheated  steam  resnltmg 
moisture  and  hydrogen  in  the  faeL 

Loes  Dub  to  CO  in  tbb  Flue  Gaseb 

"When  there  are  no  hydrocarbons  pi 
in  the  flue  gases,  the  B.t.u.  loss  per  weight 
fuel  containing  1  ponnd  of  carbon  is : — 

U  -  10,150  ^-^_^ 
in  which 
Po    =  per  cent  of  CO  by  volume  from  the  Oreat 
P     =  per  cent  of  COj  by  volume  from  the  Oisat 

This  follows  from  the  fact  that  a  moleeale 
or  volume  of  CO  contains  the  same  weight  of 
carbon  as  a  molecule  or  volume  of  COj,  and 
that  a  pound  of  carbon  in  CO  when  the  com- 
bustion is  completed  to  COa  develops  10,150 
B.t.u. 

EXAUPLB 

Flue-gaa  Analysb  —  C0|  —  16 
0-4 
CO  -  2 
H.C.  =       0 

Then  L„  =  10,150  -.   -  l,194B.t.u.IoBBper 

weight  of  fuel  containing  1  lb.  of  carbon. 
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For  facilitating  this  calculation  the  two 
ctrves  of  Fig.  26  have  been  plotted,  one  for 
pBre  carbon  and  one  for  the  special  analysis 
oi  coal  which  we  have  used  throughout  our 
diflciission  on  combustion.  To  use  either 
oteve  determine  the  factor 

Pc 
Pc  +  P 

apd  apply  on  the  ordinate  to  the  upper  curve 
for  the  coal  and  to  the  lower  curve  for  car- 
bon. The  carbon  curve  is  true  for  all  coals 
when  the  result  is  corrected  according  to  the 
percentage  of  carbon  in  the  combustible, 
which  must  be  had  from  an  ultimate  analysis 
of  the  fuel. 

Wet  Chimney  Losses 

The  remaining  chimney  losses  constitute 
the  heat  carried  away  by  the  moisture  in  the 
ooal  and  by  the  moisture  formed  by  the  burn- 
ing of  its  hydrogen  content.  These  losses 
may  preferably  be  based  on  combustible. 

If  X  =  pounds  of  water  in  the  coal  per  pound  of 
oombustible,  the  moisture  loss  per  pound  of  com- 
bustible will  be:— 

L.B  =  X  [(212  —  t)  +  970.4  -f  0.48  (T  —  212)] 

The  deduction  of  this  formula  is  self-evi- 
dent if  it  be  considered  that  the  moisture 
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Hast  first  far  raised  fnxD  the  fire-room  tem- 
yeratw  to  ^12  decrees  (212  —  t),thenevap 
onS*d  isto  steam  from  and  at  212  dogret^ 
19!0A  =  ktcflit  beat  of  steam),  and  filially 
tUa  steam  masA  be  sopertieatetl  to  the  tettt 
pevmtore  of  ffae  <  r  gases,  0.48  being  tht 

sfttiSt  beat  of  s  ■oted  steam  at  atoo^ 

pberie  pnssiire  U.         T  —  212). 

^lamtlm: — Aanme  eo«l  to  contain  1/10  lb. 
of  maiAmv  per  Ik.  of  buslibk-  with  t  =  80  d>- 
pves  imI  T  =  400  d         s  F.     Then 

I^ *  O.l  I  (M2— 80)  +     t).4  +  0.48 (400—212)1 

I«   =   119  B.I.U.  pn-  lb.  of  combustible.    If  the 
nxiibo^tibte  hsf^  a  ticatiag  ridue  of  15,000  B.t.u.  per   | 
lb.,  then  the  k«s  due  to  moisture  in  the  nwl  B    ' 

119 
^^^^  =  0  791  per  cent  of  the  h«at  of  the  omb- 

buftiUe. 

The  moisture  loss  due  to  the  burning  of 
hydro^ren  is  obtainetl  bv  computing  the 
amount  of  water  which  the  hydrogen  wiB 
form  and  then  treating  this  amount  the  same 
as  water  in  the  foregoing  formula.  If  H,  = 
pounds  of  hydrogen  per  pound  of  combusti- 
ble, the  pounds  of  water  resulting  from  this 
]iydrogen  will  be  9  11^  per  pound  of  combus- 
tible, and  the  hydrogen  moisture  loss  will  be 

U  =  9H,  [(212  — 1)+ 970.4 +  0.48  (T  —  S 

Exauplg: — In  the  coal  analyias  previously 
H.  =  0.0554  lb. 
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L„  =  9  X  0.0654  11193]  =  695  B.t.u.  loss  per  lb.  of 
combustible. 

There  is  a  further  wet  chimney  loss  clue  to 
the  moisture  in  the  air,  but  this  is  so  insig- 
nificant a  percentage  of  tlie  total  heat  in- 
volved that  its  elimination  from  our  heat  bal- 
ance will  not  affect  the  results  within  the  lim- 
its of  attainable  accuracy. 

In  addition  to  the  various  chimney  losses 
which  we  have  now  considered  the  heat  bal- 
ance of  a  boiler  test  involves  the  heat  ab- 
sorbed by  the  boiler  ^  and  a  group  of  items 
which  are  usually  classified  as  * '  unaccounted 
for'*,  and  which  are  generally  found  by  de- 
ducting the  siun  of  the  other  items  from  100 
per  cent  of  the  heat  of  the  combustible. 

Heat  Balance  op  a  BonL»ER  and  Furnace  Test 

1 — Heat  absorbed  by  boiler  =  heat  util- 
ized. 

2 — Heat  in  dry  chimney  gases. 

3 — Heat  loss  due  to  CO  in  chimney  gases. 

4 — Heat  loss  due  to  moisture  in  fuel. 

5 — Heat  loss  due  to  moisture  from  hydro- 
gen in  fuel. 

6 — Heat  loss  due  to  unconsumed  fuel,  drop- 


'  Percentage  of  heat  abeorbed  by  the  boiler  per  lb.  of  combustible  ■■ 
(evaporation  from  uid  at  212  degrees  per  lb.  of  combustible  z  970.4)  + 
(heat  value  of  a  lb.  of  the  combustible  fed  to  the  furnace). 
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ping  through  grate  to  ashpit  and  fuel  re- 
moved through  fire  door  when  cleaning. 

7 — Heat  contained  in  hot  clinker  and 
remove*!  from  furnace. 

8 — Heat  radiated  from  boiler,  furnace  and 
setting. 

9 — Heat  loss  due  to  unconsumed  hvdrocar- 
lions  and  hydrogen  and  to  heating  the  mois- 
ture in  the  air. 

Tlio  sum  of  the  above  values  must  consti- 
tute 100  iH»r  cent  of  the  heat  of  the  combusti- 
l>le  fvd  to  the  furnace.    Although  items  6  to  9    * 
iiR'hisivt*  are  generally  regarded  as  **unao- 
couiittMl  for"  and  obtained  together  by  sub- 
traction of  the  sum  of  the  other  items  from 
100  per  ct»nt,  it  is  nevertlieless  possible  to  ob- 
tain a  fair  estimate  of  items  G  and  7  and 
sometimes  of  item  8.    Item  6  may  be  obtained 
by  takinij:  a  fair  sample  of  the  total  ashos  and 
clinker  antl  making  a  calorific  determination 
of  its  lu'atinyf  value.    Then  knowing  their  to- 
tal Wi'iglit,  tlie  loss  due  to  the  c^ntaine<l  un- 
eoiismiKMl  fuel  may  be  computed. 

Item  7  is  i>ractically  never  reconled  and 
credit  for  its  separate  inclusion  and  calcula- 
tion is  due  to  ^fr.  Albert  A.  Gary.  If  the 
tem])erature  of  this  hot  material  as  it  leaves 
the  furnace  is  known  (and  it  can  be  fairly 
ai)proxiniatc(l)  tlu^n  its  weight  multiplied  by 
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its  specific  heat  and  by  the  temperature  dif- 
ference involved  will  give  the  B.t.n.  charge- 
able to  this  item. 

Item  8 — ^If  the  boiler  is  of  an  internally 
fired  type,  the  radiation  loss  may  be  approxi- 
mated by  regarding  the  boiler  as  a  steam  ra- 
diator. The  total  heat  that  would  be  given 
off  by  the  bare  boiler  may  thus  be  computed, 
and  if  the  thermal  resistance  of  its  lagging 
be  known,  a  simple  calculation  in  percentage 
will  give  a  rough  working  figure  of  the  actual 
radiation  loss. 


£M 


CHAFrm  XTIT 
SUBPACB  COMBUSTION 

FOB  the  future  improvement  of  stetttt- 
boiler  and  furnace  efficiency  we  toKj 
expect  marked  improvement  by  tiie  emj^ 
ment  of  **surfaoe'*  or  ^^flameless"  combofr 
tion,  at*  least  where  gaseous  fuel  is  available- 
In  fact;  the  practice  has  already  begnn  and 
several  boilers  in  England  and  Germany  are 
in  operation  under  this  system.  This  appfr 
cation  of  the  invention  has  been  announced 
only  within  the  last  three  years. 

As  already  discussed  in  Chapter  XII  (jn 
Combustion,  the  one  greatest  loss  in  tk^ 
thermal  operation  of  a  boiler  is  the  "chiitt" 
ney  loss",  which  constitutes  usuaUy  20  to  30 
per  cent  of  the  heat  units  in  the  fuel  con- 
sumed. This  loss  is  proportional  to  the 
weight  of  the  hot  gases  escaping  from  tt^ 
boiler. 

Their  weight  is  greatly  increased  in  ordi- 
nary practice  by  the  admission  to  the  fu^ 

342 
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nace  of  more  air  than  is  actually  required  for 
the  chemical  combustion  of  the  fuel  constit- 
uents. This  excess  air  must  be  introduced 
in  order  to  insure  contact  of  the  oxygen  with 
every  particle  of  the  fuel.  If  absolutely  com- 
plete mixing  of  the  air  and  the  gases  could 
be  effected,  this  surplus  air  would  not  be 
required;  but  this  is  not  possible  to  bring 
about  even  with  the  more  scientific  designs  of 
conunon  furnaces,  with  which  it  is  usual  to 
find  one-third  to  one-half  more  air  than  is 
chemically  needed.  In  poor  and  ordinary 
furnaces,  indifferently  operated,  the  air  in 
excess  of  combustion  requirements  will  range 
from  50  per  cent  to  400  per  cent,  with  a  con- 
sequently heavy  chimney  loss. 

With  surface  combustion  it  is  possible  to 
furnish  an  air  supply  practically  within 
chemical  requirements.  The  weight  of  hot 
gases  leaving  the  boiler  is  therefore  a  mini- 
miun  for  the  fuel  used  and  the  attendant  loss 
is  proportionately  reduced. 

To  Professor  Bone  of  England  and  Profes- 
sor Charles  E.  Lucke  in  the  United  States  is 
attributed  the  recent  development  of  this 
remarkable  form  of  combustion.  Professor 
Lucke  has  carried  on  an  elaborate  series  of 
experiments  leading  to  the  application  of 
surface  combustion  to  various  industrial  and 
domestic  purposes. 
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Professor  Bone,  among  other  devices,  has 
developed  a  boiler  which  operates  on  the  new 
principle,  and  the  efficiencies  combined  with 
the  capacities  which  he  has  obtained  have 
exceeded  the  world's  highest  boiler-test  re- 
sults. He  has  shown  an  efficiency  as  high  as 
94.3  per  cent,  including  the  heat  absorbed 
by  a  feed- water  heater  which  forms  a  part  of 
his  device  and  is  so  arranged  as  to  utilize 
some  of  the  heat  of  the  chimney  gases.  From 
available  data  it  appears  that  this  heater  is 
responsible  for  conserving  from  6  to  9  per 
cent  of  the  heat  of  the  fuel,  and  that  the  fan 
required  for  the  draft  may  absorb  3  per  cent 
of  the  steam  developed  by  the  boiler.  To  ar- 
rive at  what  may  be  considered  average  net 
performance  of  the  Bone  steam  generator,  it 
will  be  fair  from  various  published  tests  to 
assume  an  everyday  over-all  efficiency  of  93 
per  cent, — deduct  7  for  the  heater,  which 
leaves  86  per  cent,  and  then  take  97  per  cent 
of  this  to  allow  for  the  steam  required  to 
drive  the  fan.  This  results  in  a  net  efficiency 
of  83.4  per  cent,  and  the  important  fact  in 
connection  with  this  result  is  that  it  is  ob- 
tained on  a  very  small  boiler,  driven  at  a  tre- 
mendous overload  exceeding  by  many  times 
all  past  performances. 

For  instance,  one  boiler  which  was  fired 
with  oil  (with  arrangement  for  its  gasifica- 
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tion)  was  5  feet  in  diameter  and  12  feet  long 
^tli  five  9-ineh  boiler  tubes.    The  total  beat- 
ing surface  was  123.7  square  feet,  and  it  de- 
veloped a  total  of  89  boiler  horse  power  per 
hour,  with  an  equivalent  evaporation  of  25 
pounds  of  water  per  square  foot  of  heating 
surface  per  hour.    Other  units  with  gas  fir- 
ing showed  a  rate  of  evaporation  as  high  as 
35  pounds  per  square  foot  per  hour.    Our 
present  practice  provides  an  evaporation  of 
only  from  3  to  6  pounds  per  square  foot  of 
surface,  3  being  the  more  common  figure. 
Hence  the  Bone  boiler  develops  on  an  aver- 
age about  seven  times  the  boiler  horse  power 
obtainable  with  other  boilers  of  equal  heating 
^rface,  and  it  does  this  at  record-breaking 
^ciencies. 

^ith  the  above  data  in  mind  we  may  now 
observe  that  the  Bone  boiler  has  developed 
^ost  six  times  the  boiler  horse  power  gen- 
erated by  the  great  Delray  boilers  per  unit 
^^  heating  surface,  and  this  result  was  ac- 
^^plished  at  an  efficiency  far  higher  than 
Y^t  of  the  Delray  boilers  even  when  operat- 
es at  their  most  economical  rating.  More- 
over, the  latter  are  units  of  about  2,500 
^^ted  horse  power  each,  whereas  the  Bone 
toilers  were  in  units  which  developed  from 
50  horse  power  up  to  about  350  horse  power. 
Other  tests  on  Professor  Bone's  boiler  sub- 
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stantiate  these  results,  and  an  evaporation 
as  high  as  35  pounds  of  water  per  square  foot 
of  heating  surface  has  been  obtained,  to- 
gether with  an  over-all  efficient^  of  93.8  per 
cent  with  coal  gas  as  the  fuel. 

The  operation  of  surface  or  flameless  com- 
bustion consists  in  the  pre-mixlrfg  of  the  fa^ 
gas  with  almost  the  exact  quantity  of  air  pr^ 
scribed  by  chemical  equation,  and  then  bnrn- 
ing  this  explosive  mixture  in  a  bed  of  higUf 


refractory  granules  which  becomes  incandes- 
cent at  the  zone  of  action. 

As  Dr.  Lucke  explains  in  bis  able  treatise 
on  the  subject,  it  is  necessary  to  introduce 
the  gas  mixture  to  the  fuel  bed  at  a  velocity 
considerably  higher  than  the  rate  of  flame 
propagation.  Otherwise  the  flame  will  back 
fire  into  the  mixture  chamber.  Also  if  the 
gas  velocity  is  not  sufficiently  reduced  after 
its  piitrnnco  into  the  combustion  section,  it 
will  blow  itself  out  bv  mechanically  pushing 
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the  burning  gas  oat  of  the  space  provided  for 
its  consumption. 

The  fomier  difficalty  has  been  overcome  by 
introducing  the  gas  mixture  through  rela- 
tively long  tubes  of  small  diameter  so  that 
its  velocity  is  always  greater  than  that  of 
flame  propagation. 

The  second  trouble,  after  careful  experi- 
menting, was  obviated  by  adjustment  of  the 
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shape  of  the  combustion  chamber,  and  the 
size  and  arrangement  of  the  refractoi-y  gran- 
ules, all  of  which  constitute  factors  govern- 
ing the  velocity  due  both  to  mechanical  and 
thermal  expansion  of  the  gases. 

In  Professor  Bone's  boiler  here  illustrated 
this  feature  is  noted  in  the  small  supply  tubes 
for  the  mixture,  which  in  recent  designs  are 
surrounded  by  water  in  the  boiler  which 
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keeps  their  temperature  low  and  thus  fd 
ther  reduces  the  back-firing  tendency. 
process  is  known  as  flameless  becaus*^  the  « 
plosive  mixture  employed  hums  instant! 
neouslr  (practically  speaking)  and  an  ii 
descent  glow  only  is  discernible.  In  on! 
naiy  combustion  a  flame  is  produced  becaiH 


Fio.  29.     Front  View  of  Bone  Boiler 

lime  is  required  for  the  gases  and  oxygpnl 
become  mingled  into  intimate  contact  ' 
each  other,  and  actanl  burning:  occurs  oid 
upon  such  intimate  contact.     Consequent 

the    process    is   progressive    and    slow  ; 

flame  is  observed. 

In  addition  to  the  direct  reduction  of  chill 

ney  loss  by  tlio  gjyKj^roportioniug  of  i 
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to  the  fuel  made  possible  by  this  new  pro- 
cess, there  are  other  factors  which  contribute 
to  the  superior  economies  obtained.    One  of 
these,  as  may  be  judged  from  the  illustra- 
tion, is  the  practical  elimination  of  radiation 
losses.     The  boiler  is  internally  fired.    An- 
other consists  in  the  extremely  high  temper- 
ature  produced   inside  of  the  boiler  tube 
where  the  combustion  occurs  in  its  bed  of 
granules.    This  condition  produces  a  greatly 
increased  rate  of  heat  transference  from  the 
combustion  to  the  water  in  the  boiler,  since 
this  rate  is  proportional  to  the  diiferonce  in 
temperature  between  the  hot  gases  and  the 
absorbing  body.    But  a  still  more  imj)ortant 
factor  leading  to  the  rapid  heat-transfer  ob- 
tained in  the  tests  on  the  Bone  boiler  is  the 
effect  of   radiation   from   the   incandescent 
granules  inside  of  each  boiler  tube.    These 
granules  attain  the  same  temperature  as  the 
combustion  gases  and  their  ''white  heat'' 
produces  a  transference  more   rapid   than 
that  which  is  produced  by  mere  contact  of 
gases  equally  hot  but  low  in  radiant  heat. 

Maximum  temperatures  are  obtainable 
with  this  process  owing  to  the  absence  of 
surplus  air.  The  possible  temperature  of 
combustion  may  be  computed  from  the  heat 
units  in  the  fuel  together  w^ith  the  weight  and 
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specific  heat  of  the  products  of  combustioiL 
Thus  :— 

T  =  ^  ^  g,  in  which 

H  =  B.t.u.  per  pound  of  the  fuel. 

W  =  Total  weight  of  gases  resulting  from  the 
combustion  of  a  pound  of  the  fuel. 

S  =  Specific  heat  of  the  products  of  combustion. 

T  =  Degrees  F.  rise  in  temperature  due  to  the 
combustion. 

Hence  it  is  clear  that  by  cutting  the  sup- 
ply of  air  down  to  the  theoretical  minimum 
the  products  of  combustion  will  also  be  a 
minimum  and  the  attainable  temperature  a 
maximum. 

As  a  matter  of  interest  in  this  connection 
the  records  of  the  development  of  surface 
combustion  show  that  a  large  amount  of  ex- 
perimenting and  research  were  required  to 
discover  the  materials  which  in  the  form  of 
granules  would  withstand  the  extreme  tem- 
peratures produced. 

The  Bone  boiler  has  been  successfully  op- 
erated on  coal  gas,  coke-oven  gas,  and  oil; 
plans  are  made  for  the  consumption  of  other 
gases  and  there  is  no  intrinsic  reason  why 
it  should  not  be  successful  with  all  gas  fuels. 
It  is  further  stated  that  experimenting  with 
solid  fuel  has  been  started. 

It  is  difficult  to  predict  just  what  effect 
flameless   combustion   will   have  upon    our 
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present  practice  of  coal-fired  boilers.  It  was 
long  ago  proposed  to  convert  coal  into  gas 
and  then  fire  it  under  the  boiler  in  a  suitable 
fnmace,  with  the  hope  that  this  method 
would  produce  decided  economies  over  the 
direct  firing  of  the  coal  into  the  boiler  fur- 
nace. Of  course  gas  is  a  nearly  ideal  form 
of  fuel,  and  offers  great  advantages  over 
solid  fuel  in  that  it  lends  itself  to  more  inti- 
mate mixture  with  the  air  for  combustion, 
consequently  requires  a  less  excess  of  air 
than  coal,  is  far  more  readily  regulated,  and 
is  not  subject  to  the  necessity  and  losses  of 
furnace  cleaning.  Therefore  its  use  tends 
toward  higher  efficiencies  than  those  attend- 
ant upon  the  use  of  coal.  And  all  these  ad- 
vantages count  in  its  favor  when  a  supply  is 
available  at  prices  sufficiently  low  to  compete 
with  coal. 

But  the  conversion  of  coal  into  gas  with  its 
subsequent  combustion  develops  an  addition- 
al loss  not  connected  with  straight  gas-burn- 
ing. This  loss  attends  the  gas-producing  pro- 
cess, which  possesses  an  individual  efficiency 
of  its  own.  Therefore  the  gas  derived  from 
the  coal  contains  less  heat  than  the  coal  it- 
self, so  that  the  over-all  efficiency  of  the  pro- 
ducer-gas-fired boiler  is  at  once  handicapped 
by  the  gas-producing  losses.  And  these 
losses  have  been  of  sufficient  magnitude  to 
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have  prevented  the  attainment  of  as  higk 
efficiencies  as  are  at  present  regularly  ob- 
tained in  well-designed  stoker-fired  steam- 
boiler  equipments. 

A  producer  for  soft  coal  suitably  designed 
for  boiler  firing  may  develop  an  efficiency  of 
90  per  cent,  providing  it  be  so  arranged  as 
to  make  use  of  the  sensible  heat  in  the  gases 
from  the  producer.    That  is  to  say,  the  gases 
which  would  leave  the  producer  at  aboat 
1,200  degrees  F.  must  not  be  cooled  before 
their  combustion  under  the  boiler.    It  is  evi- 
dent, therefore,  that  even  under  best  condi" 
tions  an  efficiency  loss  of  10  per  cent  must  b^ 
deducted  from  the  best  result  obtainable  witt* 
straight  gas-firing  when  the  gas  is  mad^ 
in  a  producer. 

The  best  present  practice  in  straight  ga^^ 
fired  boilers  of  moderate  size  indicates  ac^ 
efficiency  of  about  75  per  cent,  so  that  if  ^^ 
make  the  gas  in  a  producer,  our  highest  over^ 
all  effipiency  becomes  0.90  X  75  per  cent,  of 
67.5  per  cent.    It  is  apparent,  therefore,  whf 
the  producer-gas-fired  boiler  has  not  com^ 
into  favor  when  its  efficiency  is  compared  to 
that  of  good  stoker  practice  of  75  per  cent 
efficiency  which  is  readily  obtainable  with 
even  small  units. 

Now  let  us  investigate  with  reference  to 
the  possible  over-all  efficiency  of  a  Bone  sur- 
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face-combustion  boiler  operated  on  producer 
gas. 

The  net  efficiency  of  the  Bone  boiler  may 
be  stated  as  83.4  per  cent,  as  per  our  previ- 
ous analysis.  Then  with  a  producer  effici- 
ency of  90  per  cent,  as  previously  discussed, 
the  probable  maximum  over-all  efficiency  of 
the  Bone  producer-gas-fired  boiler  would  be 
0.90  X  83.4  =  75.1  per  cent.  This  would  rep- 
resent practically  no  saving  over  present  sto- 
ker-fired boilers  of  moderate  size.  As  com- 
pared to  the  large  stoker-flred  boilers  like 
those  of  the  Delray  Edison  plant,  the  Bone 
boiler  with  producer  gas  would  operate  at  a 
loss  as  regards  fuel  consumption. 

It  would  in  truth  save  a  large  amount  of 
space  in  the  power  plant  owing  to  its  very 
high  steaming  capacity  per  square  foot  of 
heating  surface.  Another  marked  advantage 
would  be  strongly  evident  in  central-station 
practice  where  quickly  changing  and  heavy 
peak  loads  are  common ;  for  each  tube  of  the 
Bone  boiler  constitutes  an  individual  fur- 
nace in  itself.  Consequently  the  variation 
in  efficiency  is  but  slight  between  the  ex- 
tremes of  minimum  and  maximum  output, 
for  as  the  load  increases  or  decreases  an  ad- 
ditional furnace  or  tube  is  fired  or  shut  off 
completely,  so  that  every  such  change  has  no 
effect  on  the  efficiency  of  combustion  and 
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causes  only  a  very  slight  change  in  the  eflB- 
ciency  of  the  boiler  and  furnace  combined. 

For  purposes  of  comparison  with  common 
types  of  boilers  the  following  standards  of 
boiler  and  furnace  efficiency  may  be  used  as 
representing  the  most  refined  practice  with 
the  respective  fuels  indicated. 

For  oil  burning,  the  boiler  tests  at  the 
plant  of  the  Pacific  Light  and  Power  Com- 
pany at  Redondo,  California  {Trans.  A.8.M^ 
E.  Vol.  33,  Collins),  gave  combined  boile 
and  furnace  efficiencies  ranging  from  75. 
per  cent  to  83.3  per  cent.    The  average  effi 
ciency  of  seven  tests  was  80.47  per  cent,  cov 
ering  boiler  ratings  from  72.7  per  cent  up  t^ 
195.5  per  cent  of  rated  capacity.    The  hig 
est  efficiency  (83.3  per  cent)  was  obtained 
109.4  per  cent  of  boiler  rating;   (builder 
rating  was  604  boiler  horse  power  at  aboizz/ 
10  square  feet  per  horse  power).    It  is  to  be 
noted  that  a  deduction  of  2.4  per  cent  for 
steam  used  in  atomizing  the  oil  must  be  made 
to  arrive  at  the  highest  net  efficiency  ob- 
tained, which  would  be  83.3  per  cent — 2.4  per 
cent  =  80.9  per  cent,  which  may  be  taken  to 
represent  the  best  oil-burning  practice. 

For  the  most  refined  conditions  of  firing 
boilers  with  coal  we  may  take  the  results  ob- 
tained by  Dr.  Jacobus  on  the  large  stoker- 
fired  boilers  at  the  Delray  station  of  the  De- 
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troit  Edison  Company  (Trmis.  A.S.M.E.  Vol. 
33,  Jacobus).  These  boilers,  the  largest  in 
operation  at  the  present  time,  each  contained 
23,650  square  feet  of  heating  surface,  giving 
a  rated  capacity  of  2,365  boiler  horse  power 
at  10  square  feet.  The  highest  net  eflSciency 
obtained  was  (80.98  —  1.340  79.64  per  cent 
in  a  32.hour  test.  This  was  obtained  at  98.6 
P^r  cent  of  boiler  rating. 

Isolated  tests  showing  higher  eflSciencies 
than  this  have  been  obtained,  some  few  claim- 
^ng  83  or  84  per  cent,  but  about  80  per  cent 
^jnbined  boiler  and  furnace  eflSciency  may 
ftirly  represent  the  highest  results  for  coal 
ourniug  under  actual  conditions  of  practice, 
^^^n  in  the  above  plant  when  the  boilers 
^^^e  forced  in  accordance  with  good  central- 
station  practice,  the  eflSciency  droppefl  to  be- 
•^^en  75  and  76  per  cent.    The  capacity  of  the 
^^^er  at  these  low  eflSciencies  was  about  200 
P^J*  cent  of  rating,  that  is  approximately  6 
P^^ds  of  water  were  evaporated  per  square 
^^t  of  heating  surface  per  hour. 

The  eflSciency  of  gas  firing  with  small  boil- 
^^s  may  reach  75  per  cent,  and  on  large  boil- 
^^8  lite  those  of  the  Detroit  Edison  Com- 
pany we  might  expect  an  eflSciency  somewhat 
"^gher  than  was  obtained  with  coal.    A  net 

j?"^  P»  ecBi  vesnaaatU  tte  iV»»  usM  Uj  r>i*^r»ie  t^*^  rtok*r  and  the 
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efficiency  of  83  per  cent  would  be  a  good  esti- 
mate for  natural-gas  firing  under  these  larg- 
est of  boiler  units  with  suitable  conditions. 

The  above  comparisons  are  based  upon  tbe 
ability  to  utilize  the  sensible  heat  in  the  gases 
from  a  producer,  and  if  this  is  accomplished 
the  Bone  boiler  will  be  able  to  show  marked 
economies  over  the  average  run  of  small  siie 
hand-fired  boilers,  on  a  basis  of  competition 
with  automatic  stokers,  and  it  would  cer- 
tainly have  the  advantage  of  greatly  in- 
cr(^aso(l  capacity. 

Possibly  a  coal  furnace  may  be  contrived 
to  ()p(»rate  in  conjunction  with  a  surface-com- 
bustioii  system.  Owing  to  a  probable  reduc- 
tion of  li(»at  losses  as  compared  to  a  pro- 
(lucor,  this  fiold  of  endeavor  should  prove  at- 
tractive* to  inventors.  As  before  stated,  ex- 
perini(»nts  have  been  initiated  looking  toward 
the  api)lieation  of  solid  fuel  to  the  Bone 
l)oil(M\  If  success  can  be  attained  without 
serious  eouiiter  losses  the  greatest  field  in  the 
world  will  be  open  to  the  commercialization 
of  this  remarkable  method  of  combustion. 

'V\w  (»nonuous  evaporative  capacity  of  the 
Bone  l)oil(»r  (^ndows  it  with  one  great  qualifi- 
cation for  central-station  service,  and  this 
faet  will  op(»rate  to  increase  the  efforts  of 
(h^si^ners  toward  the  direct  and  efficient  ap- 
plication of  coal  for  this  special  service. 


Chapter  XIV 
NATURAL   GAS    AS   A   BOILER   FUEL 

TN  those  manufacturing  regions  where  nat- 
^  ural  gas  is  available  at  low  prices,  it  is 
also  usual  to  find  cheap  coals  of  good  quality. 
It  is  therefore  necessary  to  decide  which  fuel 
will  give  the  cheapest  and  most  efficient  serv- 
ice, and  the  problem  is  further  complicated 
when  the  heating  of  the  factory  is  considered 
in  relation  to  the  possible  employment  of  gas 
engines.  In  every  case  arising  for  decision, 
the  local  operating  conditions  constitute  one 
of  the  governing  factors,  and  the  price, 
heating  value  and  reliability  of  supply  of  the 
respective  fuels  are  of  equal  importance  in 
their  effect  upon  the  final  solution.  The  cost 
of  attendance,  initial  investment,  and  other 
financial  considerations,  have  their  usual 
bearing  upon  the  ultimate  commercial  effi- 
ciency; but  our  present  object  is  to  set  forth 
the  basic  information  more  directly  connected 
viith.  the  fuel  itself,  since  it  is  evident  that  the 
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other  considerations  differ  widely  in  accord- 
ance with  the  local  conditions  of  any  given 
case. 

The  composition  of  natural  gas  varies  con- 
siderably, but  by  way  of  illustration  the  fol- 
lowing analysis  may  be  quoted: — 


VOLUMETRIC  ANALYSIS  OF  NATURAL  GAS 


CO 

H 

CH4, 

CtH* 

COt 

N 

0 

0.50 

2.18 

92.6 

0.31 

0.26 

3.61 

0.34 

An  approximate  estimate  of  the  heating 
value  of  a  gas  may  be  obtained  by  adding  to- 
gether the  individual  heating  powers  of  its 
combustible  constituents.  Thus  for  the  above 
analysis  we  would  have: — 


Gas 

Per  cent  of 
Gas  by  Vol. 

B.t.u. 
per  cu.  ft. 

B.t.u. 
in  Gas 

CO 

0.50 

2.18 

92.60 

0.31 

341 

349 

1,053 

1,675 

1  73 

H 

7  61 

CH4 

975  07 

C2H4 

5  19 

Total    B.t.u.   in    gas    per    cu.    ft.    =   989.60 
When  ethane  (C2H6)  is  present  its  heating  value 
may  be  taken  at  1,862  per  cu.  ft. 

The  table  from  Babcock  and  Wilcox's 
*^  Steam",  reproduced  on  page  358,  is  useful 
in  making  estimates  of  this  kind. 
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It  is  to  be  noted  that  the  ''hi«^''  ^  heath* 
value  of  hydrogen  is  employed  in  the  preeed- 
ing  data  with  its  consequent  effect  upon  tte 
total  heat  value  of  the  gas  in  question. 

The  calorific  power  of  a  gas  is  best  de- 
termined by  actual  calorimeter  test,  in  whki 
the  heat  of  combustion  of  a  measured  quas- 
tity  is  absorbed  by  water  in  a  properly  ar- 
rangeil  jacket.  When  the  temperature  of  tbe 
t^soaping  products  of  combustion  from  suck 
at)  ap^mratus  is  below  the  boiling  point  fhi 
ht'at  measured  will  include  the  high  vahift 
of  the  hydrogen  content. . 

Tho  following  tests  were  made  under  my 
observation  on  a  Sargent  gas  calorimeter. 
Tlie  fuel  tostinl  was  natural  gas  at  Lima, 
Ohio,  supplieil  from  wells  in  Ashland  and 
Mtxlina  counties  of  that  State: 


Date  of  tests June  13,  1914 

Location Lima  Gas  Woriffl 

Chemist  in  charge  of  tests ....  Mr.  Rodney  Lynch 

Room  temperature 79  degrees  F. 

Test  No.  1 

4.89  lb.  water  raised  19  degrees  F.  by  burning 
0. 1  cu.  ft.  of  the  gas  supplied  at  70  degrees  F.  and 
uu^asured  at  a  pressure  of  0.6  inch  water  gagp. 
Uar\>niotor  29.6  inches. 

l^t.u.  iMT  cu.  ft.  under  these  conditions,  966. 

^  Sim  ilifwunion  of  high  heating  value  in  Waste  Fud  ehapter. 
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Test  No,  2 

A  few  minutes  later  and  under  the  same  conditions 
\  second  test  gave  B.t.u.  per  cu.  ft.  as   1;004. 

Other  Tests 

Other  tests  at  the  same  place  made  a  few  days 
previous  to  the  above  gave  calorific  values  per  cu.  ft. 
of  998  B.t.u.  and  1,004  B.t.u.  respectively. 

For  boiler  purposes  this  gas  sells  accord- 
ing to  a  sliding-  scale  of  prices  depending 
upon  the  rate  of  consumption,  but  the  aver- 
age price  in  practice  at  a  boiler  plant  in 
Lima,  Ohio,  which  I  tested  was  about  $0,125 
per  1,000  cubic  feet  supplied  and  measured 
at  a  pressure  varying  from  8  to  16  ounces 
per  square  inch. 

In  Ashland,  Ky.,  where  the  natural  gas 
was  rated  by  the  gas  company  at  1,145  B.t.u. 
per  cubic  foot,  it  was  sold  for  boiler  firing 
at  the  rate  of  $0.10  per  1,000  cubic  feet  at 
meter  pressure. 

In  Hambleton,  West  Va.,  the  price  was  the 
same  and  the  gas  was  rated  at  1,123  B.t.u. 
per  cubic  foot. 

The  efficiency  of  natural  gas  as  used  for 
steam  generation  may.  be  deduced  from  seven 
boiler  tests  which  I  made  at  the  above  named 
places. 

Under  actual  conditions  of  firing  a  boiler 
[lorse-power  hour  was  obtained  from  an  av- 
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orage  consumption  of  40,4  cubic  feet  of  gtf 
at  the  metered  pressure,  the  minimum  being 
o7.3  cubic  feet  and  the  maximum  43.8  cnWc 
foot. 

With  a  good  burner  and  a  clean  boikr 
thoro  is  no  difficulty  in  obtaining  combined 
boilor  and  furnace  efficiencies  from  70  to  U 
por  cent.     Hence  as  compared  to  ordinary 
hand  firing  of  soft  coal,  which  gives  an  eft 
oionoy  of  GO  to  65  per  cent,  the  gas  shows  to 
advantage  in  cost  of  evaporation,  providing 
tho  same  number  of  heat  units  may  be  pur- 
ohasoil   for   a   dollar.    If  opinion   must  be 
fornu'il  without  anv  actual  tests  as  to  which 
fuol  will  produeo  tho  clieapor  steam,  it  is  best 
ti^  baso  tlio  comparison  in  case  of  hand  firing 
oil  h:>  per  cent  officioncy  for  tlie  soft  coal  and 
7:^  por  ooiit  for  tho  gas.    If  on  the  other  hand, 
a  irooJ  sti^kor  furnaco  wore  to  bo  considered 
for  tho  ooal,  it  is  safe  to  figure  on  equal  eflS- 
oioiu'ios  for  both  tho  coal  and  the  gas  in  corn- 
put  insr  tho   iuA  cost  of  evaporating  1,000 
PiUiiuls  of  wator.    In  practice  those  actually 
dotonniiu'd  costs  of  i*va])oration  with  natural 
iias   in   tlio   plaoi^s   niontioned   ranged   from 

>^ojnw(;  to  $o.ir)SL\ 

Tlu'  iras  oijuivalont  of  coal  in  any  locality 
^lojHMhls  upon  tho  hoat  value  of  the  coal  and 
MlH>n  thr  hoat  value  of  a  cubic  foot  of  gas  at 
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The  heating  power  of  natural  gas  should 
t^e  based  on  a  unit  volume  at  atmospheric 
E^ressure  and  a  stated  temperature  usually  32 
^r  62  degrees  F. 

The  most  normal  standard  for  general  use 
-^B  a  temperature  of  62  degrees  and  an  at- 
mospheric   pressure    of    14.7    pounds    per 
Square  inch.    The  following  formula  is  based 
T)n  these  values : — 

Vo  =  I    - .  -  rp  I  V,  which  simplifies  to 


Vo  =  Py  P^  V,  in  which 


Vo  =  the  standardized  volume  in  cu.  ft. 

p     =  absolute  pressure  at  which  the  gas  was 

metered  in  lb.  per  sq.  in. 
T    =  absolute  temperature  F.  at  which  the  gas 

was  metered. 
V    =  voliune  in  cu.  ft.  of  the  gas  as  metered. 

Calorific  tests  to  determine  the  heating 
value  of  the  gas  are  likely  to  be  made  at  a 
temperature  of  about  62  degrees.  This  tem- 
perature standard  is  therefore  more  rational 
since  the  calorimeter  results  require  less  ad- 
justment. The  same  argument  holds  good 
for  boiler  testing,  since  the  gas  will  be  me- 
tered at  a  temperature  nearer  62  than  32.  In 
any  event,  for  commercial  comparisons  of 
the  fuel  values  of  gas  and  coal  it  is  essen- 
tial that  the  average  pressure  and  tempera- 
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ture  of  the  gas  at  the  meter  be  known  in 
order  to  arrive  at  a  determination  of  the  true 
heating  value  of  the  fnel  as  purchctsed  at  the 
meter. 

The  pressure  factor  is  the  more  important, 
as  may  be  seen  from  the  following  example 
in  which  the  62-degree  standard  is  assiuned. 
Thus  if  the  gjis  is  metered  at  one  pound  pres- 
sure, i.  e.,  15.7  pounds  absolute,  the  heating 
value  of  a  cubic  foot  will  be  nearly  7  per  cent 
irreater  than  the  same  quantity  at  atmos- 
pluM'ie  pressure,  whereas  a  temperature  rise 
(»von  as  great  as  20  degrees  wall  lower  the 
lioating  value  to  the  boilers  by  only  3.7  per 

Ci'Ilt. 

It'  wo  desire  to  learn  the  gas  equivalent  of 
coal  for  any  set  of  conditions  the  following 
i'xami^lo  will  serve  as  illustration  of  the 
int'tliod  to  bo  uso<l. 

Tho  iras  available  has  a  heating  value  of 
1,000  H.t.u.  i)or  cubic  foot  at  atmospheric 
prossuro,  and  a  temperature  of  62  degrees  F. 
It  is  sui)i)liod  at  an  average  pressure  of  1 
pound  por  Sipiaro  inch  at  the  meter  and  its 
avorairo  toniporatnro  is  taken  at  ()5  degrees. 
Its  price  is  10  cents  per  1,000  cubic  feet,  as 
niotorod  at  tho  boiler  room. 

Applying  tlio  formula  we  have: — 


Vo  = 


/3o.14^X    l'^7\^.^  1.068  V. 
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That  is  to  say,  a  cubic  foot  as  metered  con- 
tains 1.068  times  the  weight  or  B.t.u.  in  a 
standard  cubic  foot.  Hence  a  cubic  foot  as 
metered  will  contam  1.068  X  1,000  B.t.u.  = 
1,068  B.t.u.  A  thousand  cubic  feet  as  me- 
tered will  therefore  contain  1,000  X  1,068  = 
1,068,000  B.t.u.  at  a  cost  of  10  cents.  For 
$1.00  we  may  purchase  10,680,000  B.t.u.  in 
natural  gas. 

Now  supposing  the  delivered  price  of  coal 
in  this  locality  is  $2.00  per  ton  of  2,000 
pounds  having  a  calorific  power  of  13,500 
B.t.u.  after  deducting  5  per  cent  of  its  B.t.u. 
per  pound  to  allow  for  contained  moisture. 
Then  $1.00  will  purchase  in  coal  13,500,000 
B.t.u.  and  in  natural  gas  10,680,000  B.t.u. 
That  is,  with  equal  boiler  and  furnace  effi- 
ciencies (assuming  good  stoker  conditions  in 
the  case  of  coal)   the  coal  would  generate 

13,500,000  -  10,680,000 

10,680,000  '  ^^ 

26.4  per  cent  more  steam  for  the  same  ex- 
pense for  fuel.  (Labor  and  investment  com- 
parisons must  be  made  separately  as  condi- 
tions may  demand.) 

Without  regard  to  prices,  1,000  cubic  feet 
of  natural  gas  under  the  above  assumptions 
(which  are  characteristic  of  many  gas  re- 
gions) will  have  a  heating  value  equal  to  that 
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of  79.1  pounds  of  13,500  net  B.t.u.  coal.  With 
natural  gas  and  coal  of  the  above  specifica- 
tions, coal  at  $2.53  per  ton  of  2,000  pounds 
would  equal  gas  at  $0.10  per  1,000  cubic  feet. 

When  gas  is  compared  to  coal  for  boiler 
purposes  no  allowance  need  be  made  for  dif- 
ferent boiler  and  furnace  eflSciencies  when  the 
coal  is  stoker  fired  and  the  gas  is  used  in  a 
good  furnace.  When  the  comparison  refers 
to  ordinary  hand-firing  of  soft  coal,  how- 
ever, the  calculation  must  allow  for  a  lower 
efficiency  of  the  coal.  A  common  pair  of 
figures  would  be  63  per  cent  efficiency  for  the 
coal  and  73  per  cent  for  the  gas.  Both  fuels 
may  burn  at  efficiencies  either  higher  or  lower 
than  these,  and  the  local  conditions  should 
be  carefully  investigated,  preferably  by  ac- 
tual test  in  order  to  insure  a  correct  com- 
parison. 

Burners  and  furnaces  for  natural  gas  vary 
considerably  in  their  design,  and  some  of  the 
home-made  ones  in  my  tests  gave  as  good  re- 
sults as  some  of  the  patented  ones. 

The  principal  requirements  for  the  effi- 
cient combustion  of  gas  are  as  follows : 

1.  A  thorough  mixture  of  the  gas  with 
the  required  air.  This  is  accomplished  in 
three  ways :  (a)  the  burner  proper  may  be  so 
designed  as  to  cause  an  excellent  mixing  ac- 
tion before  the  fuel  enters  the  furnace;  (b) 
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^lii?  mixing  action  may  take  place  in  the  fur- 
^a.ce  itself,  and  it  is  usually  augmented  by 
*>afl8es    or   checkerwork    of   firebrick    which 
^I'eak  up  the  currents  of  flow;  (c)  the  cross- 
^^ction  of  the  furnace  may  be  made  large 
enough  to  compel  a  slow  passage  of  the  gas 
and  air,  thus  providing  time  for  their  nat- 
ural diffusion. 

2.  The  maintenance  of  high  temperature, 
which  is  accomplished  by  the  impingement 
of  the  burning  gas  against  hot  brickwork,  by 
its  combustion  within  a  firebrick  furnace,  and 
by  retaining  the  gas  in  the  furnace  or  com- 
bustion chamber  until  its  combustion  is  prac- 
tically completed. 

3.  Correct  air  supply.  This  also  directly 
aflFects  the  second  or  temperature  require- 
ment. It  may  best  be  regulated  both  by  ac- 
tual testing  of  evaporative  results  and  by 
making  flue-gas  analyses  of  the  products  of 
combustion.  A  rough  and  ready  method 
consists  in  reducing  the  damper  opening  un- 
til smoke  appears,  and  then  opening  the 
damper  just  wide  enough  to  give  a  clear 
stack;  but  this  method  is  not  infallible,  since 
it  will  not  discover  faults  in  the  mixing  ac- 
tion of  the  furnace  as  will  tests  by  flue-gas 
analysis. 

With  a  horizontal  tubular  boiler  it  is  easier 
to  fiumish  ample  combustion  space,  because 
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<'i"atin.y:  at  IHi  prr  criit  civcr  its  ratiiii?  (at  1- 
sijuarc  r<M'l  pn-  horse  ])owor)  with  an  avor- 
a.i^o  ^Irat't  iiitciisitv  of  O.l!  iiichos  wator-irairo 
incasiircd  h('l\v<M»ii  the  <laiiip(»r  and  tho  boilor. 
It  is  best  of  cnnisc  to  provide  more  draft 
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Jhan  this  in  case  of  necessity  such  as  might 
"^  caused  by  varying  gas  pressure,  design 
^'  boiler  and  burners,  pressure  of  gas  at 
burners,  and  type  of  boiler. 

The  burners  are  usually  inserted  in  the 
iKiiler  front  just  above  the  coal  grate,  which 


Via.  30.    Thz  Kirkwood  Burneb 


is  bricked  off,  although  with  certain  types  of 
boilers  like  the  vertical  water-tube  variety, 
the  gas  is  fired  through  the  front  of  Dutch- 
oven  furnaces. 

The  burners  themselves  vary  considerably 
in  design.  Two  very  good  designs  which  I 
have  tested  are  here  illustrated.  The  Kirk- 
wood system  provides  one  burner  for  every 


I'lTxi-sciST  j:es6 


20  boiler  horse  power.  The  air  enters 
through  the  large  circular  opening  of  each 
burner  and  tho  gas  at  a  pressure  of  (pref- 
(•rablyl  ahoiit  8  ounces  is  fed  to  the  annular 


] 


"  space  which  surrounds  the  air  duct,  and  finds 
its  way  into  the  air  tube  througli  numerous 
communicating  small  holes  which  direct  the 
gas  into  a  corkscrew  or  whirling  motion. 
This  action  aitis  the  desired  intimate  mixing 
of  the  gas  with  the  air.     Both  air  and  gas 
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are  separately  controlled,  and  in  operation 
are  so  adjasted  as  to  provide  complete  com- 
bustion at  tlie  mouth  of  each  individual  tube. 
The  most  efficient  regulation  of  the  fire  is 
obtained  by  completely  shntting  off  or  fully 
opening  up  one  of  these  burner  units.  In 
this  manner  the  ratio  of  air  to  fuel  remains 
constant  at  all  different  ratings  of  the  boiler. 


Fro.  34.    GwTNN  Gas  Burner 


The  Gwynn  burner,  as  may  be  seen  from 
the  cuts,  is  constructed  on  the  same  general 
principles  of  operation  just  described. 

Usual  methods  of  fnriuice  construction  for 
gas  burning  are  shown  herewith  as  applied 
to  horizontal  tubular  and  water-tube  boiler 
practise. 

The  bunsen  type  of  burner  is  easily  con- 
stmcted  from  two  pipes  of  different  size ;  the 
larger  is  for  the  air  and  receives  tlie  gas  at 
the  centre  of  its  opening.  Tlie  inner  end  of 
this  larger  pipe  or  nipple  leads  just  through 
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the  boiler  front.  It  is  important  that  sndi  ' 
burners  be  provided  with  individnal  coven 
for  shotting  off  the  air  when  the  gas  i* 
stopped.  Both  good  and  bad  resalts  are  ob- 
tained with  these  burners,  depending  prin- 
cipally upon  the  design  and  regulation  of  the 
furnace.  One  of  ray  best  and  one  of  my  worst 
tests  were  made  on  boilers  supplied  with 
home-made  burners. 


Fio.  35.    SEt-noNAL  View  of  Gwtnn  Gas  Bobneb 


Analyses  of  the  products  of  combustion  of 
natural  gaw  provide  a  striking  contrast  with 
the  results  from  coal,  With  pure  carbon  the 
volumotric  percentages  of  CO2  and  O  will  add 
up  to  21  when  tliere  is  no  CO  present  in  the 
burner  gasof'.  With  hard  coal  this  total  of 
21  per  cent  is  approximated.  With  bitumi- 
nous coal  tile  total  will  generally  run  from 
18  to  20  wlieu  no  CO  is  found,  witb  the  com- 
bustion of  natural  ^as,  of  the  compositions 
prevailing  in  my  conunercial  tests  on  this 
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fuel,  the  total  of  CO2  +  0  when  no  CO  was 
present  has  varied  from  about  13  to  16  per 
cent. 

The  reason  for  this  dropping  oflf  of  *  *  total 
volume  *'  from  hard  coal  to  soft,  and  again 
from  soft  coal  to  natural  gas^  is  the  greater 
proportion  of  hydrogen  in  the  latter  fuels, 
the  gas  containing  the  most.  The  burning 
of  hydrogen  results  in  the  generation  of  su- 
perheated steam,  thus  Hj  +  0  =  HgO,  and 
this  steam  condenses  to  water  in  the  Orsat 
apparatus  or  before  reaching  it,  so  that  its 
volume  as  a  combustion  product  is  not  meas- 
urable in  the  analysis.  Hence  the  greater 
the  hydrogen  constituent  of  a  fuel,  the  less 
will  be  the  sum  of  the  gases  determined  by 
the  usual  Orsat  type  of  gas  machine. 

From  the  above  it  may  be  properly  con- 
eluded  that  with  the  same  fractional  sur- 
plus of  air  supplied  to  the  combustion,  the 
percentage  of  COj  from  the  burning  of  nat- 
ural gas  will  be  much  lower  than  from  the 
burning  of  coal,  and  this  is  the  case  in  prac- 
tice. In  fact  the  best  eflficiencies  have  been 
obtained  with  natural  gas  when  the  average 
DO2  was  between  8  and  9  per  cent,  while  in 
3of  t-coal  burning  with  equal  efficiencies  12  to 
14  per  cent  of  CO2  would  be  expected. 

i  See  Chapter  XII  with  actual  example  and  calculation  on  natural 
as. 
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The  preceding  records  of  five  boiler  teste  I 
which  I  made  for  commercial  purposes  are  I 
given  to  show  results  obtained  under  varying 
circamstances.  Tbese  represent  the  opera- 
tion of  two  horizontal  tubular  and  one  "water- 
tube  boiler,  under  diherent  conditions  as  in- 
dicated by  the  observi  tions  on  kind  of  burn- 
ers, draft,  boiler  output,  flue-gas  analyses,^ 
etc. 
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Chapteb  XV 
NATURAL   GAS  (Continued) 

GAS  ENGINE  VERSUS  STEAM  ENGINE 

TN  the  natural-gas  regions  manufacturers 
-*-  must  determine  whether  this  fuel  will  give 
the  greater  commercial  eflBciency  when  used 
directly  in  a  gas  engine  or  when  applied  to  a 
boiler  and  steam  engine. 

The  conditions  of  the  problem  will  abso- 
lutely govern  the  results,  but  first  let  us  com- 
pare the  several  over-all  thermal  efficiencies 
which  are  usually  found  in  factory  work,  re- 
membering that  other  things  being  equal  the 
cost  of  power  is  inversely  proportional  to 
thermal  efficiency. 

Plant  No.  1 

Natural-gas-fired  boilers.  Steam  engine,  simple 
non-condensing.     Exhaust  steam  wasted. 

Boiler  and  furnace  efficiency  =  73  per  cent 
Steam-engine  efficiency  =    7  per  cent 

Over-all  efficiency  =    5.11  per  cent 

Plant  No.  2 

Natural-gas-fired  boilers.  Steam  engine,  com- 
pound condensing  or  turbine.    No  exhaust-steam 

heating. 
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Plant  No.  2 — (Continued) 

Boiler  and  furnace  efficiency  =  73  per  cent 
Steam-engine  efficiency  =  15  per  cent 

Over-all  efficiency  =  10.95  per  cent 

Plant  No.  3 

Gas  engine  using  natural  gas.     No  by-product 
heat  reclaimed. 

Engine  efficiency  =  20  per  cent 

Over-all  efficiency  =  20  per  cent 

Plant  No.  4 

Natural-gas-fired  boilers.    Steam  engine   simple 
non-condensing.     Exhaust  steam  efficiently  utilized. 

Boiler  and  furnace  efficiency  =  73  per  cent 
Engine  efficiency  ^  =  80  per  cent 

O V  er-all  efficiency  =  58 . 4  per  cent 

It  must  be  understood  that  the  above  as- 
sumed efficiencies  will  individually  vary  with 
excellence  of  equipment  and  operation,  and 
consequently  they  must  be  regarded  only  as 
approximately  typical  of  the  designs  of  plant 
which  they  respectively  represent.    Bearing 
this  precaution  in  mind,  we  may  state  that 
for  the  same  gas  consumption,  a  plant  of  the 
design  of  No.  4  will  give  nearly  three  times 
as  much  value  as  the  most  efficient  of  the 
others ;  that  the  gas  engine  of  plant  No.  3  will 
develop  about  four  times  as  much  energy 
as  plant  No.  1  and  nearly  twice  the  energy 
of  plant  No.  2  for  the  same  amount  of  gas. 

1  See  Utilisation  of  Exhaust  Steam,  Chaptera  II  and  V. 
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But  in  actual  practice  the  price  charged 
for  natural  gas  when  used  in  a  gas  engine  is 
much  higher  than  when  fired  under  a  boiler. 
For  example,  in  a  recent  case  in  Ohio  the  gas 
for  boiler  purposes  cost  $0,125  and  for  gas 
engines  about  $0.28  per  1,000  cubic  feet. 
Hence  with  these  prices,  plant  No.  1  would 
pay  0.125  -f-  0.280,  or  nearly  45  per  cent  as 
much  for  a  given  amount  of  fuel,  but  this  fuel 
would  generate  only  25^  per  cent  as  much 
energy  as  it  would  develop  if  used  in  plant 
No.  3.  Therefore  the  commercial  eflSciency 
of  plant  No.  1  would  be  far  below  that  of  the 
gas-engine  plant  in  this  instance. 

In  order  to  run  the  simple  non-condens- 
ing engine  of  plant  No.  1  at  the  same  charge 
for  gas  as  plant  No.  3,  the  gas  for  boiler  pur- 
poses would  have  to  cost  5.11  -r-  20,  or  only 
about  25 1^  per  cent  as  much  as  when  burned 
directly  in  a  gas  engine.  That  is  to  say,  the 
prices  of  gas  must  be  inversely  proportional 
to  the  over-all  thermal  eflSciencies  of  the  dif- 
ferent plants  to  make  their  commercial  effi- 
ciencies equal. 

The  above  classification  shows  at  a  glance 
very  closely  what  may  be  expected  from  the 
use  of  natural  gas  in  the  diflferent  types  of 
plants  indicated  where  their  respective  effi- 
ciencies agree  with  those  indicated. 

From  the  above  classification  we  may  se- 
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lect  the  general  type  of  plant  which  wiU  give 
the  highest  commercial  efficiency  with  nat- 
ural gas  when  the  two  prices  of  gas  are 
known,  provided  we  alter  the  individual  effi- 
ciencies given  as  necessity  may  demand. 

There  are  of  course  plants  of  mixed  de- 
sign which  may  combine  certain  features  of 
all  four  types.  Also  an  existing  plant  of  one 
of  the  types  quoted  may  have,  as  previously 
indicated,  an  over-all  thermal  efficiency  quite 
different  from  the  efficiency  designated  for 
that  plant  in  the  foregoing  classification. 
Consequently  the  certain  way  of  arriving  at 
best  results  for  a  given  case  is  to  base  all 
computations  on  actual  tests  made  upon  both 
present  and  contemplated  equipments.  In 
the  first  place,  such  a  method  will  have  the 
advantage  of  discovering  correctible  losses 
in  the  existing  conditions.  Thus  sometimes 
the  efficiency  of  the  old  plant  may  be  so  im- 
proved at  slight  expense  as  to  preclude  the 
economy  of  the  contemplated  and  more  ex- 
pensive change.  For  instance,  if  in  a  plant 
like  No.  1  or  No.  2  a  sufficient  use  for  exhaust 
steam  can  be  made  feasible,  it  would  not  pay 
to  substitute  a  gas-engine  plant  like  No.  3. 
An  investigation  would  prove  this  and  other 
matters  connected  with  future  economies. 

The  following  example  illustrates  the  test 
method  in  the  solution  of  a  problem. 


NATURAL  GAS  389 

Question:    Will  it  pay  to  substitute  a  gas 
Engine  for  a  100-kilowatt  Corliss  steam  en- 
gine now  running  and  wasting  all  of  its  ex- 
haust steam,  none  of  which  can  be  used  un- 
cJer  existing  conditions?    The  steam  engine 
Under  test  consumed  an  average  of  28  pounds 
of   steam  per  indicated  horse-power  hour, 
which  average  figure  cannot  be  much  im- 
proved under  the  imposed  conditions  of  steam 
and  load.     The  boiler  supplying  the  engine 
shows  under  test  an    evaporation   of  0.85 
pounds  of  water  per  cubic  foot  of  gas  under 
actual  commercial  conditions.    It  is  found  to 
be  developing  an  efl5ciency  of  74  per  cent 
which  cannot  be  much  improved  for  a  150 
horse-power  boiler  under  everyday  working 
conditions. 

Now  from  actual  tests  on  factory  gas  en- 
gines of  this  capacity  (see  table  of  some  of 
author's  tests  on  factory  gas  engines)  we 
know  that  we  may  expect  a  brake  horse- 
power hour  for  a  consumption  of  12  cubic 
feet  of  gas  under  working  conditions  on  the 
best  design  of  engine.  The  prices  of  gas  are 
10  cents  and  30  cents  for  boiler  and  gas- 
engine  consumption  respectively.  The  effi- 
ciency of  the  electric  generator  is  94  per 
cent. 

We  may  then  compute  as  shown  in  the  cal- 
culation on  the  following  page : — 
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Under  the  conditions  of  prices  and  opera- 
tion shown  in  the  computation  on  page  390, 
the  fuel  for  either  the  steam  engine  or  the 
gas  engine  would  cost  almost  the  same 
amount,  with  a  trifle  of  difference  in  favor  of 
the  steam  engine. 


Chapter  XVI 

THE   ECONOMIC   COMBUSTION  OP   WASTE 

FUELS 

THE  term  ''waste  fuel"  as  used  in  this 
chapter  means  any  combustible  mate- 
rial which  is  not  ordinarily  included  in  the 
list  of  commercially  marketable  fuels. 

Among  the  marketable  fuels  would  be  in- 
cluded bituminous  and  anthracite  coals  of 
the  various  grades  and  compositions;  crude 
oil,  fuel  oil  and  the  petroleum  distillates,  such 
as  kerosene,  gasoline  and  naphtha;  the  alco- 
hols, grain  (ethyl)  and  wood  (methyl) ;  some 
kinds  and  forms  of  wood ;  charcoal  and  coke ; 
certain  gases,  such  as  natural  gas,  water 
gas,  coal  gas  and  producer  gas ;  also  peat  and 
lignites. 

As  waste  fuels  would  be  classified  the  fol- 
lowing: sawdust,  shavings,  scraps,  edgings; 
tan  bark,  wood-extract  chips;  bagasse  or 
spent  sugar  cane;  anthracite  coal  passing 
through  3/32-inch  mesh,  known  as  culm ;  coke 
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ize,  and  city  refuse.     It  will  be  noticed 

these  waste  fuels  (with  the  exception  of 

^'^ilm  and  city  refuse)  are  all  by-products  of 

^^'^a.xiufacturing   industries,    and   even    culm 

ht  be  so  considered.    City  refuse  is  really 

l>y-product  of  the  various  domestic  indus- 

i^s  inseparable  from  community  living.  So 

^*^^t  the  definition  of  waste  fuel  in  a  broad 

^^nse  might  be  termed  any  combustible  ma- 

^^^^'ial  resulting  as  a  by-product  of  manufac- 

There  are  two  distinct  classes  of  waste 
Xnels — ''auto-combustibles/'  which  maintain 
^teir  own  combustion  after  ignition,  and  com- 
^^ustibles  which  will  not  burn  without  the  ad- 
^tion  of  heat  from  an  outside  source  or 
without  mixture  with  an  auto-combustible. 
This  second  class  may  be  termed  for  conven- 
ience  ** semi-combustibles."    With   the   im- 
provement of  furnaces  for  the  handling  of 
waste  fuels,  certain   materials  which  w^ere 
previously  considered  only  semi-combustible 
have  joined  the  list  of  auto-combustibles. 

The  semi-combustibles  resist  self-ignition 
principally  by  reason  of  excessive  moisture, 
ash,  and  refuse,  and  by  physical  structure 
tending  either  to  resist  the  passage  of  the 
draft  or  to  form  large  openings  in  the  fuel 
bed  which  admit  a  great  excess  of  air  beyond 
that  required  for  combustion,  thus  lowering 
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the  lumace  temperature  and  efficiency  con- 
ditions. 

A  certain  amount  of  heat  must  be  given 
back  to  a  substance  in  order  to  maintain  its 
combustion.  This  is  illustrated  very  nicely 
by  removing  suddenly  the  flame  from  a  can- 
dle, which  can  be  done  either  by  a  quick 
movement  of  air  such  as  a  puff  of  wind  or  by 
removing  the  air  by  smothering.  The  result 
is  the  same.  The  candle  had  been  absorbing 
a  part  of  the  heat  developed  in  the  flame.  As 
soon  as  this  was  no  longer  possible  on  ac- 
count of  the  removing  of  the  flame,  combus- 
tion ceased,  and  to  start  it  once  more  suffi- 
cient heat  must  be  applied  to  secure  the  com- 
bustion temperature. 

As  a  practical  example,  it  is  necessary,  ac- 
cording to  Stromeyer,  to  raise  the  tempera- 
ture of  lump  coal  to  approximately  600  de- 
grees Fahrenheit  before  ignition  with  the 
oxygen  can  take  place.  This  figure  multi- 
plied by  the  specific  heat  of  the  coal  would 
give  the  number  of  heat  units  required  to  be 
given  by  the  fire  to  each  pound  of  coal 
burned. 

If  what  may  be  called  the  gross  calorific 
value  of  a  substance  is  actually  less  than  the 
heat  required  to  maintain  its  combustion,  it 
is  manifestly  obvious  that  such  a  substance 
cannot  be  auto-combustible,  and  such  sub- 
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stances,  even  when  made  combustible  by  ap- 
plication of  heat  from  an  outside  source,  will 
not  give  up  any  available  heat  for  useful  pur- 
poses since  the  amount  produced  is  less  than 
that  actually  required  for  maintaining  their 
own  combustion. 

In  the  gasification  of  carbohydrates  (i.  e., 
fuels  containing  carbon,  hydrogen  and  oxy- 
gen), which  precedes  combustion,  a  rather 
complicated  chemical  reaction  takes  place 
which  either  develops  or  absorbs  heat.  If 
the  former,  the  reaction  is  known  as  exother- 
mic ;  if  the  latter,  endothermic.  An  exother- 
mic reaction  tends  automatically  to  promote 
combustion,  and  the  endothermic  to  retard. 
But  since  either  condition  is  algebraically  in- 
cluded in  the  calorific  value  of  a  substance, 
these  interesting  phenomena  do  not  require 
separate  consideration  for  the  present  pur- 
pose. 

The  amount  of  heat  required  to  maintain 
combustion  of  a  substance  depends  upon  va- 
rious factors.  The  first  stage  of  combustion 
is  gasification;  therefore  the  heat  required 
to  gasify  must  be  supplied  in  order  to  main- 
tain combustion,  and  it  is  evident  that  the 
amount  so  required  will  depend  upon  the  re- 
sistance to  be  overcome  in  order  to  gasify  the 
substance.  Moisture  is  a  serious  detriment 
to  combustion,  for  the  reason  that  it  must  be 
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gasified,  requiring  in  addhion  to  the  senaUe 
heat  the  application  of  970  KLil  for  oA 
pound  that  must  be  r^noved,  whidi  laX 
must  be  obtained  from  the  total  heat  vafaie  of 
the  combustible. 

Such  substances  as  have  been  deaigiiated 
as  semi-combustibles  intrinaLcaUy  possess  a 
greater  number  of  heat  units  than  are  theo- 
retically required  to  maintain  the  oomboB- 
tion  of  said  substances.  This  class  of  com- 
bustibles, among  whidi  are  included  certua 
kinds  of  refuse,  wet  chestnut  ddps,  eta,  imy 
become  actually  auto-combustible,  dependmg' 
upon  the  efficiency  of  the  conditions  wQi 
which  tliey  are  surrounded,  such  as  hot  sur- 
face's, heated  air  supply,  large  combustion 
space,  continuous  feeding  of  the  fuel  and 
ronioval  of  ash,  etc, 

Thus  some  of  these  waste  fuels  will  refuse 
to  burn  without  the  addition  of  coal  or  other 
outsiilo  fuel  in  most  furnaces,  and  yet  in  a 
furnace  which  provides  nearly  perfect  condi- 
tions for  combustion,  these  same  substances 
will  burn  and  give  off  a  large  amount  of 
available  heat.  As  an  illustration — wet  spent 
chestimt  chips  until  recent  years  would  not 
burn  unless  they  were  supplied  with  addi- 
tional heat  from  coal  either  by  mixing  or 
otherwise.  Still  another  instance  would  be 
some  kinds  of  city  refuse,  which  when  ordi- 
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iiarily  treated  refused  to  bum  unless  sup- 
plied with  heat  from  a  separate  source.  By 
the  scientific  desi*gn  of  furnaces  and  by  care- 
ful homogeneous  mixing  of  the  various  ma- 
terials of  this  refuse,  it  is  now  burned  with- 
out additional  heat  and  at  an  efficiency  high 
enough  to  make  steam  which  can  be  used  to 
operate  the  plant.  These  furnaces  will  be 
described  in  following  pages. 

Other  fuels  can  be  made  more  efficient  by 
simply  reducing  the  amount  of  moisture  they 
contain  without  altering  the  design  of  fur- 
nace equipment.  Special  tests  on  moist  fuels 
show  close  agreement  between  theory  and 
practice  in  this  respect.^ 

In  conclusion  of  the  above  aspect  of  the 
problem,  it  can  be  said  that  the  more  nearly 
perfect  are  the  means  for  burning  the  sub- 
stance  in  question,  the  more  nearly  will  semi- 
combustibles  approach  the  state  of  auto-com- 
bustion. 

Perhaps  the  most  important  of  waste  fuels 
in  the  United  States  has  been  spent  tan  bark. 
A  rough  estimate  would  indicate  that  this 
material  generated  a  few  years  ago  an 
amount  of  steam  that  would  have  otherwise 
required  the  yearly  consumption  of  about 
2,000,000  tons  of  high-grade  coal.    Yet  this 

1  See  author's  paper,  American  Society  of  Mechanical  Engineers,  "Tan 
Bark  as  a  Boiler  FiieL" 
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valuable  fuel  was  at  one  time  considered  a 
mere  detriment  and  an  expense  to  the  leather 
industry.  It  was  disposed  of  by  dumping 
it  into  rivers,  filling  in  waste  ground,  and  by 
making  roads  with  it,  often  necessitating  the 
paying  out  of  large  sums  for  its  disposition. 
This  strikingly  illustrates  a  case  of  how  the 
improvement  of  a  furnace  converted  a  hith- 
erto supposed  incombustible  into  a  valuable 
waste  fuel  of  the  auto-combustible  class,  and 
shows  how  an  enormous  waste  was  converted 
into  an  equally  great  economy. 

An  interesting  example  of  the  promotion 
of  a  previously  considered  semi-combustible 
to  the  list  of  auto-combustibles  was  the  aise 
of  chestnut-wood  extract  chips.  This  fuel  is 
the  by-i)ro(luct  resulting  from  the  manufac- 
ture of  a  tanning  agent  largely  and  increas- 
ingly used  in  the  manufacture  of  leather. 
Chestnut  wood  is  first  fed  into  chippers,  then 
througli  disintegrators  which  reduce  it  to  a 
finely  divided  state  with  particles  about  the 
size  of  No.  2  buckwheat  coal.  After  being 
subjected  for  about  a  w^eek  to  a  hot-water 
ti-eatment  which  extracts  most  of  the  avail- 
able tannins,  the  spent  chips  are  conveyed 
into  the  fireroom  for  burning.  In  this  state 
tliey  contain  from  60  per  cent  to  65  per  cent 
<^f  moisture,  and  a  dry  pound  shows  about 
8,400  B.t.u.     That  is  about  1,100  B.t.u.  less 
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than  spent  tan,  which  contains  the  same  per- 
centage of  moisture.  Ten  per  cent  of  this 
moisture  can  be  removed  by  means  of  special 
presses  for  the  purpose. 

Ever  since  the  institution  of  chestnut  ex- 
tract, the  resulting  chips  were  burned  only 
by  making  with  them  a  rich  mixture  of  coal, 
or  by  maintaining  a  separate  coal  fire  whose 
flames  passed  over  the  chips  for  the  purpose 
of  drying  and  igniting  them. 

In  connection  with  this  problem  I  designed 
a  special  type  of  furnace  suited  to  the  char- 
acteristics of  this  fuel.  It  then  became  possi- 
ble to  burn  it  without  the  addition,  or  mix- 
ture, of  coal.  In  one  of  the  foremost  extract 
plants,  this  resulted  in  a  great  saving  of  coal 
and  immediately  advanced  spent  chestnut- 
extract  chips  to  the  ranks  of  auto-combus- 
tibles. 

The  matter  of  high  efficiency  in  the  utiliza- 
tion of  by-product  or  waste  fuels  is  just  as 
important  in  establishments  where  such  ma- 
terial furnishes  only  a  part  of  their  fuel  sup- 
ply as  in  plants  that  are  operated  entirely  on 
commercial  fuels,  such  as  coal  or  gas.  For 
in  the  first  place,  a  highly  efficient  plant 
may  be  enabled  to  run  entirely  upon  its  by- 
product fuel  material,  whereas  (as  in  my  own 
experience)  another  plant  in  the  same  in- 
dustry, of  the  same  output  capacity,  but  with 
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inefficient  combustion  equipment,  may  re- 
quire additional  fuel  to  the  extent  of  many 
thousands  of  dollars  a  year.  Fhirthermoiei 
in  a  plant  which  depends  partly  on  waste 
fuel  supplemented  by  purchased  fuel,  any 
percentage  saving  that  results  from  the  im- 
provement of  the  combustion  system  wiB 
produce  an  actual  saving  in  the  purchased 
fuel  of  this  percentage  multiplied  by  the  frac- 
tion which  represents  the  ratio  of  the  total 
heating  value  of  the  combined  fuel  to  the 
heating  value  of  the  purchased  fueL 

For  example,  consider  the  case  of  a  plant 
which  consumes  the  equivalent  of  100  tons 
of  coal  a  (lay,  of  which  heating  value  the  pur- 
chased fuel  constitutes  one-third  (>^).  Now 
if  the  efficiency  of  the  furnace  equipment  is 
so  improved  as  to  produce  the  same  steam  or 
power  for  ten  (10)  per  cent  less  fuel  (or  heat 
units),  since  the  consumption  of  waste  fuel 
still  remains  the  same,  the  entire  saving  of 
fuel  is  effected  from  the  purchased  supply. 
In  this  case,  therefore,  in  which  a  total  sav- 
ing of  10  per  cent  has  been  made,  the  expense 
of  purchased  fuel  has  been  reduced  not  only 
10  per  cent,  but  (3  -r-  1)  X  10  =  30  per  cent 
This  simple  arithmetical  truth  is  but  little 
if  at  all  recognized  by  owners  whose  plants 
are  operated  on  mixed  fuels,  or  their  com- 
bustion would  receive  far  more  attention. 
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The  above  considerations  make  the  study 
of  waste  fuels  and  their  efficient  combustion 
most  important. 

Pbinciples  Involved 

With  waste  fuels,  in  common  with  other 
fuels  burned  for  boiler  purposes,  efficiency 
depends  upon  three  conditions: 

1.  High  temperature. 

2.  Correct  amount  of  air  supply,  and 

3.  Complete  mixture  of  this  air  with  the 
fuel  gases. 

The  great  difference  in  the  burning  of 
waste  fuels  is  not  in  the  requirements  for 
combustion,  but  in  the  difficulty  of  meeting 
these  same  requirements. 

In  the  first  place,  temperature  of  combus- 
tion depends  upon  two  factors : 

a.    The  calorific  value  of  the  fuel,  and 

6.  The  amount  of  heat  absorbed  by  its 
resulting  products  of  combustion. 

The  temperature  of  combustion  is  directly 
proportional  to  the  first  and  inversely  pro- 
portional to  the  latter.  The  calorific  value 
of  waste  fuel  is  generally  comparatively  low ; 
hence  the  first  difficulty  in  obtaining  high 
temperature. 

A  larger  percentage  of  moisture  results  in 
a  greater  weight  of  products  of  combustion. 
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and  these  products  have  a  higlier  &i>«aM 
heat  than  flue  gases,  and,  what  is  f( 
serious,  involve  also  the  latent  heat  ot  steaiii- 
Thus  again  the  moist  waste  fuel  present* 
further  difficulty  towards  securing  the  fin* 
requirement  for  good  combustion.  In  con- 
nection with  this  s""'"  requirement,  tbeliigt 
eat  constant  teuij]  re  can  be  maintained 

only  when  the  fuel  ttrodueed  at  the  samf 
rate  at  which  coninu  tion  is  taking  place. 
With  coal  this  is  both  possible  and  practic- 
able, notably  with  certain  forms  of  automatic 
stokers,  and  can  even  je  approximated  with 
skilful  hand  firing.  lut  with  waste  fneli, 
special  study  and  often  much  skill  are  re- 
quired, owing  to  the  great  bulk  and  pecnhar 
form  of  the  material  to  be  handled. 

Again,  with  reference  to  the  second  re- 
quirement, that  of  correct  air  supply,  waste 
fuel  requires  different  treatment  from  coal. 
In  the  flrst  place  the  weight  of  air  theoret- 
ically required  to  oxidize  or  burn  completely 
a  pound  of  the  fuel,  depends  upon  its  chem- 
ical composition.  Thus  carbon  requires  oxy- 
gen equal  to  2  2/3  times  its  own  weight,  and 
hydrogen  8  times  its  own  weight. 

Beyond  this  theoretical  air  supply,  an  ex- 
cess of  from '50  to  250  per  cent  must  be  pro- 
vided, according  to  the  fuel  in  question  and 
the  design  of  the  furnace.    The  latter  shoald 
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^  So  constructed  as  to  provide  a  thorough 
^^xing  of  the  air  with  the  fuel  gases  at  a  high 
*'^inperature,  in  order  to  reduce  to  a  mini- 
mum the  loss  due  to  the  great  excess  of  air 
otherwise  required.     Still  another  diflSculty 
has  to  be  met  in  this  connection.     Certain 
^aste  fuels  have  a  strong  tendency  to  form 
tlow  holes,  due  either  to  clinker  or  lightness 
of  the  particles,  in  which  latter  case  they  are 
ripped  from  the  grates  and  carried  unburned 
through  the  flues  and  up  the  stack  as  waste. 
In  either  case,  the  blow  holes  lower  the  effi- 
ciency by  admitting  excessive  amounts  of 
cold  air  to  the  furnace,  which  reduce  its  tem- 
perature seriously.    The  opposite  trouble  oc- 
curs when  the  grates  are  too  heavily  loaded 
with  a  moist  fuel  that  packs  and  checks  the 
flow  of  the  draft.    Thus  special  construction 
and  skill  are  required  to  overcome  these  diffi- 
culties, the  occurrence  of  either  one  of  which 
will  utterly  ruin  the  efficiency  of  the  fire. 

Another  set  of  difficulties  has  to  be  over- 
come in  connection  with  the  third  require- 
ment of  combustion,  viz.,  thorough  mixing  of 
the  air  supply  with  the  gases  distilled  from 
the  fuel.  This  has  already  been  touched 
upon.  The  requirement  is  rendered  more  or 
less  difficult  of  satisfaction  by  two  special 
factors,  depending  upon  the  nature  of  the 
fuel.    First,  the  high  percentage  of  volatile 
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gases  evolved  from  many  waste  fuels;  and 
secondly,  the  moisture  content. 

The  tendency  of  the  volatile  portion  is  to 
flow  quickly  from  the  furnace,  to  become 
chilled  below  its  ignition  temperature  by  con- 
tact with  boiler  surfaces,  and  to  escape  un- 
burned,  thus  constituting  a  serious  loss  of 
heat.  One  approved  method  for  preventing 
this  occurrence  is  so  to  construct  the  furnace 
and  setting  that  predetermined  currents  Avill 
be  produced  which  lengthen  the  travel  of  the 
gases,  check  their  velocity,  cause  them  to 
consume  more  time  in  contact  with  hot  brick 
work  in  the  presence  of  air,  and  finally  pro- 
duce a  thorough  mixture  of  the  gases  with 
the  air  for  combustion.  One  of  the  simplest 
expedients  for  this  purpose  is  the  employ- 
ment of  very  large  and  sometimes  long  com- 
bustion chambers.  By  merely  increasing  the 
cross-section  of  the  passage,  the  velocity  of 
the  gases  is  reduced.  This  method  is  very 
simply  and  effectively  illustrated  by  blowing 
through  a  i/4-inch  pipe  against  the  palm  of 
the  hand.  The  impact  of  the  air  is  felt,  de- 
noting considerable  velocity.  This  **  velocity- 
pressure"  indicates  that  the  current  of  the 
air  is  rapid  and  that  a  particle  or  molecule 
passes  through  the  small  pipe  very  quickly. 
Now  try  the  same  experiment  with  a  1-inch 
pipe.    The  impact  against  the  hand  is  light, 
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and  this  low  velocity-pressure  indicates  that 
the  air  is  moving  slowly  and  taking  a  longer 
time  to  pass  through'  the  pipe  having  the 
larger  section  or  draft  passage.  The  pipe  is 
the  combustion  chamber  and  the  chimney  is 
the  same  capacity  in  each  case,  that  is  to  say, 
your  own  pair  of  lungs.  The  only  difference 
in  equipment  is  the  cross-section  of  the  com- 
bustion chamber. 

By  this  method,  therefore,  the  gases  are 
compelled  to  remain  a  longer  time  in  contact 
with  hot  surfaces,  permitting  more  complete 
diffusion  of  the  fuel  gases  with  the  oxygen, 
and  thus  combustion  is  promoted  and  im- 
proved. This  feature  combined  witli  proper 
baffling  to  give  a  mechanical  mixing  action  is 
productive  of  still  better  results.  But  all  this 
must  be  accomplished  before  the  fuel  gases 
are  allowed  to  come  into  intimate  contact 
with  the  boiler  cooling  (generally  called  heat- 
ing) surfaces.  Other  means  are  also  em- 
ployed to  bring  about  this  necessary  mixing 
of  the  fuel  gases  with  the  air,  among  wliich 
may  be  cited  special  draft  actions  and  fur- 
naces constructed  somewhat  on  the  principle 
of  the  Argand  burner. 

The  relation  of  moisture  to  the  necessity  of 
the  mixing  of  the  gases  is  interesting.  The 
moisture  is  evaporated  and  becomes  super- 
heated steam  gas.    The  molecules  of  this  non- 
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combustible  gas  tend  to  form  a  separating 
medium  between  the  molecules  of  oxygen  and 
those  of  the  combustible  gases.  Thus  the 
element  of  moisture  causes  an  added  oppo- 
sition to  combustion  and  increases  the  neces- 
sity for,  and  value  of,  securing  a  thorough, 
homogeneous  mixture  by  one  means  or  an- 
other. This  point  was  brought  forward  by 
Mr.  Albert  A.  Gary,  in  his  discussion  before 
the  American  Society  of  Mechanical  Engi- 
neers of  my  paper  on  *  *  Tan  Bark  as  a  Boiler 
Fuel.'' 

With  this  brief  definition  of  the  elements 
of  the  problem  we  shall  next  proceed  to  a 
description  of  the  means  actually  employed 
in  effective  combustion  of  various  waste 
fuels,  beginning  with  sawdust  and  other 
waste  wood  products. 

We  shall  now  review  the  principal  waste 
fuels,  and  show^  the  means  employed  for  their 
effective  combustion  or  utilization.  Taking 
them  in  the  order  first  named,  the  character- 
istics and  treatment  of  sawdust  as  fuel  will 
be  first  considered. 

Sawdust  and  Wood  Waste 

This  material  is  of  course  available  princi- 
pally in  the  lumbering  section.  Together 
with  the  sawdust,  the  saw  mills  also  produce 
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waste  wood  in  the  form  of  edgings,  end  cuts, 
shavings,  and  various  forms  of  blocks  and 
scraps. 

The  bulk  of  this  material  is  so  great  that  in 
many  cases  not  only  is  the  power  and  heating 
of  the  mill  effected  by  it,  but  the  whole  town 
is  furnished  with  electric  lighting,  and  then 
in  order  to  prevent  the  accumulation  of  waste 
wood  a  large  destructor  is  kept  constantly 
in  operation,  and  the  heat  from  the  burning 
wood  is  wasted  to  the  atmosphere.  If  there 
were  a  market  for  electric  power  within  rea- 
sonable distance,  this  deplorable  waste  could 
be  readily  converted  into  a  great  economy. 
Even  now  plans  are  being  considered,  and 
at  least  one  plant  is  in  operation  for  produc- 
ing wood  alcohol  and  other  chemicals  witli 
this  material.  Inventors  have  long  worked 
on  plans  which  might  make  possible  its  use 
as  wood  pulp  in  the  paper  industry. 

Sawdust  and  wood  waste  are  readily  con- 
vertible into  gas  which  may  be  used  for 
power  production  in  gas  engines.  Informa- 
tion regarding  a  specific  case  of  this  kind 
is  given  by  Mr.  Chas.  E.  Snypp  in  a  paper 
contributed  to  the  Journal  of  the  Association 
of  Engineering  Societies,  reviewed  in  the  Oc- 
tober, 1912,  issue  of  The  Engineerir 

zinc. 

The  burning  of  sawdust  f^ 
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poses  is  best  accomplished  by  means  of  a 
simply  constmcted  *^Dntch-oven"  fnrnacc 
As  a  mle,  only  one  feed  hole  in  the  roof  of 
the  furnace  is  used,  for  sawdust  is  such  an 
excellent  fuel  that  it  will  produce  a  hot  fire 
even  when  roughly  and  carelessly  treated. 

Of  course  with  a  single  feeding  hole  in  the 
top  of  the  Dutch  oven,  the  sawdust  forms  a 
cone  on  the  grate  surface.    This  is  about  the 
least  effective  form  in  which  any  fuel  may  he 
arranged  on  a  grate  for  burning.    The  draft 
penetrates  the  bed  of  fuel  at  the  points  of 
least  resistance,  that  is,  at  the  shallowest 
parts.     The  air,  therefore,  enters  at  an  ex- 
cessive rate  around  the  edges  of  tlie  cone? 
while  the  greatest  portion  of  the  grate  is 
effectually  air-tight  so  that  this  portion  of 
the  grate  surface  is  **dead."    This  difficulty 
can  be  reduced  or  eliminated  by  different 
methods  which  vnW  be  later  described.   But 
as  before  stated,  sawdust  will  respond  with 
fairly  good   results  to  even  this  unskilfnl 
treatment. 

In  a  mill  where  saw^dust  was  plentiful,  a 
very  effective  plant  was  inspected.  A  bat- 
tery of  six  fire-tube  boilers  were  each 
equipped  with  a  Uutch-oven  furnace,  each 
liaving  a  single  feed  hole  in  its  arch.  An  over- 
head conveyor  brought  in  a  continuous  sup- 
ply of  sawdust.    An  iron  chute  from  the  con- 
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^^^Or  to  each  furnace  led  the  sawdust  to  a 
l^^^^t  about  two  feet  directly  above  the  feed 
/^le  of  the  furnace.    The  iron  cover  of  tliis 
^^d  hole  was  left  partly  open,  allowing  the 
^^\vdust  to  flow  into  the  furnace.     By  ad- 
*^sting  the  sliding  doors  in  the  bottom  of  the 
^^Hveyor,  the  flow  of  sawdust  onto  the  grate 
^^uld  be  made  almost  automatic.    Of  course 
^  good   deal   of  air   entered   the   furnaces 
through  the  partly  open  feed  holes  in  the  tops 
of  the  arches,  but  the  loss  on  this  account 
would  not  be  as  great  as  might  appear,  for 
the  reason  that  with  a  heavy  pile  of  sawdust 
in  the  furnace  a  sufficient  air  supply  would 
not  enter  through  the  grate  and  therefore 
the  supply  of  air  through  the  feed  hole,  al- 
though not  admitted  in  a  very  scientific  man- 
ner, was  of  real  advantage.     Intense  com- 
bustion is  actually  seen  to  occur  at  the  inside 
edges  of  the  feed  hole  where  the  air  meets 
the  highly  heated  gases  from  the  fuel. 

Fig.  36  shows  a  typical  sawdust  furnace 
for  horizontal  tubular  boilers. 

Special  problems  in  the  combustion  of 
wood  waste  often  have  to  be  met.  One  such 
case  in  my  own  experience  is  perhaps  of  in- 
terest, owing  to  the  several  rather  opposing 
conditions  that  necessitated  fulfillment  all  in 
a  single  furnace.  It  was  desired  to  construct 
a  burner  which  would  handle  with  least  labor 
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i'«:  s:r*r;i:e>t  efJciencv  an  amonnt  of  wood 
^liz-^rlil  o»>r.:ai!iiiig  sawdust,  blocks,  end- 
^fc:s,  -e^iirlii^,  shavings,  and  slabs  in  vary- 
iT-iT  r  !>/ j»rtio:is,  and  also  it  was  further  spe- 
oiir-i  that  th^  >ame  furnace  must  be  convert- 
:V>  ::.:•:•  a  i:«x>l  soft-coal  burner  at  times 
whvn  :':e  wok^I  fuel  should  not  be  available. 

FiiT.  ^^7  is  a  cut  of  the  furnace  which  was 
•:vs:-::>ri  bv  me  to  meet  these  conditions  and 
wi.io::  is  doinir  so  in  a  satisfactory'  manner. 
S^'T-araie  storasre  bins  were  provided  for  the 
saw.  :::>t  ar.d  for  the  bulkier  and  miscellane- 
ous mat-rials.  It  was  further  arranged  to 
ftfl  t':.-  sawdust  alone  pnd  separately 
tli'i'iigl:  !!:♦•  top  feed  hole  up  to  the  full  ea- 
l»aoity  o{  x\w  furnace  until  this  supply  was 
d»'i»lrtt:Ml.  Thru  by  sealing  the  feed  hole  and 
ci.nririniT  l»y  moans  of  a  "pusher"  from  a 
stotl  door,  h'vel  with  the  grates,  the  furnace 
lianillos,  slabs,  ond-cuts,  and  the  other  forms 
of  wood  at  irood  officioncv.  The  vertically 
slidinir  door  being  capable  of  quick  opening 
and  closing  prevents  excessive  entrance  of 
air  during  tlie  tVcMling  operation.  AVhen  coal 
is  fired,  tliis  is  done  through  the  same  sliding 
door  and  the  fuel  is  eitlier  spread  or  fired  by 
the  alt(Miiat(^  or  coking  method. 

As  tlie  grates  are  of  a  proper  air  spacing 
for  fin(»  saw(hist,  tlie  correct  regulating  of  the 
air  supi)ly  for  the  other  fuels  used  is  accom- 
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pUshed  by  adjusting  the  admission  of  the  re- 
qaired  amount  by  means  of  the  levers  con- 
necting the  air  valves  on  the  front  of  the 
furnace.  This  air  becomes  pre-beated  by  the 
walls  and  combustion  arch  of  the  furnace,  and 
is  admitted  to  the  fire  at  points  surrounding 
the  throat,  thus  producing  somewhat  the  ef- 


fect of  an  Argand  burner.  The  large  com- 
bustion space,  baffle  walls,  and  explosion 
doors  complete  the  principal  features  of  tlie 
equipment. 

Although  the  air  requirements  and  boat 
values  of  sawdust  and  coal  differ  greatly, 
either  fuel  will  develop  about  tlie  same  num- 
ber of  heat  units  per  square  foot  of  fi^rntc 
surface  per  hour.    It  is  largely  tliis  fact  that 
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makes  possible  such  an  interchange  of  dif- 
ferent fuels  on  the  same  grate  and  in  the 
same  furnace.  The  above  furnace  was  re- 
ported by  the  owner  to  be  consuming  tlie  cal- 
culated amount  of  wood-waste,  and  when  this 
material  is  lacking  the  furnace  burns  soft 
coal  without  smoke.  The  high  combustion 
is  indicated  by  12  per  cent  CO2  as  average  in 
a  month's  run. 

The  heating  value  of  wood  depends  upon 
the  kind  of  wood  in  question  and  also  upon 
its  state  of  dryness. 

**Hog  feed"  is  the  local  term  for  saw-mill 
refuse  which  has  been  fed  through  a  disin- 
tegrator or  **hog."  The  various  sizes  and 
forms  are  thus  reduced  to  a  practically  uni- 
form size  of  chips,  or  rather  shreds.  In  this 
condition  it  is  greatly  improved  for  conven- 
ience of  handling,  lends  itself  to  liiglier  effi- 
ciency in  firing,  and  can  be  readily  mixed  and 
fed  with  sawdust  to  supplement  the  latter 
fuel  in  the  same  furnace.  In  the  lumbering 
district  of  Wisconsin,  I  obtained  sami)los  of 
this  material  in  the  spring  of  the  year,  the 
product  being  the  result  of  water-soaked 
timber  from  the  mill  pond.  This  material 
contained  52  per  cent  moisture,  and  3.7  tons 
showed  available  heat  value  equivalent  to  1 
ton  of  13,000  B.t.u.  coal  as  tabulated  on  the 
following  page : 
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Tooal  beat  per  dry  pound  by  bomb 

cfclornnei-er  test 8,600  B.ti. 

Modsrure.  per  cent 52 

ToisJ  beat  in  one  moist  pound 4,128  B.tJL 

To    evaporate    moisture    to    chinmey 

t«nperature  of  492degrees  F 650 RU 

Heal  available  for  boiler  per  wet  pound 

as  fij^ 3,478  B.U 

^  13.000  -^  3,478  =  3.74  tons  hog  feed  =  1  toncoaL) 

Figruring  back  on  the  dry  wood  basis,  100 
pounds  of  dry  bog  feed  containing  52  per 
cent  moisture  would  produce  208  pounds  of 
fuel  at  3,47S  available  B.tu.  =  723,424  B.to, 
or  one  ( 1 )  lb.  of  drj'  wood  produces  an  avail- 
able heat  in  the  fireroom  of  7,234  B.t.u.,  so 
that  tabulatiusr  the  B.t.u.  on  four  different 
baM'S  we  have: — 

1 .  Heat  per  pound  of  dn'  wood 8,600  B.t.u. 

2.  Available   heat   per  pound   of  wet 

wood  as  fired 3,478  B.U 

3.  Available   heat    per   pound   of   drv 

wood  a.^  fired \  7,234  B.t.u. 

4.  Total  heat  in  a  pound  of  the  wet  fuel .  4, 128  B.t.u. 

At  this  point  I  beg  permission  to  deviate 
from  the  specific  treatment  of  wood  fuel  in 
order  to  einpliasize  as  clearly  as  possible  a 
matter  conc(»rniiip^  wliich  there  is  much  con- 
fusion in  r(»corded  tests  and  in  reference 
books  in  reporting  the  heat  values  of  moist 
fuels. 

The  above  table  exemplifies  four  correct 
though  different,  methods  of  reporting  the 
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heating  value  of  such  fuels.    Unless  together 
with  the  value  is  also  given  a  clear  state- 
ment of  how  that  value  is  obtained,  the  infor- 
mation is  useless.    In  fact,  it  is  worse  than 
useless,  as,  four  chances  to  one,  it  will  cause 
a  grievous  and  possibly  fatal  error  in  calcu- 
lations intended  to  produce  practical  results. 
A  glance  at  the  values  in  this  table  proves 
that  such  an  error  may  have  a  magnitude  of 
100  per  cent  above  or  below  the  truth. 

There  is  indeed  a  fifth  method  of  obtain- 
uig  and  reporting  a  heat  value.    In  the  above 
^se  the  fuel  was  burned  after  drying  out  all 
the  moisture.    The  moisture  being  separately 
^^termined,  its  loss  by  evaporation  and  tem- 
P^i^ature  rise  can  be  readily  calculated  for 
^^y  set  of  actual  furnace  and  boiler  condi- 
^^xxs.    In  the  table  on  page  416  the  tempera- 
^^e  of  the  air   entering   the   furnace  was 
^ken  at  62  degrees  and  that  of  the  escaping 
^^ste  gases  from  the  boiler  at  492  degrees. 
The  fifth  method  is  to  burn  the  fuel  in  the 
^omb  calorimeter  without  removing  its  con- 
tained moisture.    This  will  give  a  value  per 
pound  of  ^^wet  fuel  as  fired"  similar  to,  but 
higher  than,  value  No.  2  in  the  table ;  because 
the  moisture  is  re-condensed  in  the  calori- 
meter and  therefore  gives  up  to  the  record- 
ing water  that  amount  of  heat  which  in  the 
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actual  case  of  burniiifir  under  a  boiler  w( 
pass  off  up  the  chimney  as  an  actual  loss. 
In  consequence  of  the  above,  it  cannot 
icH?  stroncly  nrge*.!  upon  writers  and  enfr 
neers  that  thev  state  exactlv  what  is  mefll 
bv  :Le  heat  values  they  refer  to  when  dealiiji 
with  moist  fuels.     Along  similar  lines  anJ' 
with  permission  again  asktni,  owing  to  tta 
:z:r<'r:ar:ce  of  truth  in  all  thinsrs,  the  folio*- 
izj:  roi::t  is  brought  to  light. 

I:  the  calorific  value  of  a  fuel  is  deter 
niiiit^i  by  'iryitg  ami  then  burning  in  aboni 
calorimeter,  the  hvdroffen  containeil  in  tbe 
substance   is   bunu-il   to   steam  gas  (HjO) 
which  is  cc-r.vieuse'l  in  the  calorimotor.  The 
result  in  this  case  gives  what  is  known  as  tbe 
"Lig!!  valur."  because  the  con Jensation  of 
ti.e  steam  province*!  by  tlu*  burning  of  the  by* 
^Irogen  gives  back  to  the  calorimeter  the  la- 
tent heat  of  the  steam  thus  pro<luccHl,  andtlii^ 
heat  is  measured  as  part  of  the  heat  vata* 
01  tht-  fuel.  AVhen.  however,  this  same  fuel  is 
biirneil  un«ler  a  boiler  from  which  the  prod- 
ucts of  combustion  escape  into  the  atmos- 
pliere  at  a  temi)erature  higher  than  212  de- 
grees, the  superheated  steam  formed  by  the 
burrietl  hydrogen  cannot  condense  and  there- 
orv  carries  with  it  out  of  the  stack  as  a  loss 
••t.  latent  heat  of  the  steam  (966  B.t.u.^  p€i 

*  StH)  ftKitiinic  on  page  421. 
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pound)  as  well  as  the  heat  that  was  taken 
from  the  fire  to  increase  the  temperature  of 
this  steam  of  combustion  to  the  temperature 
of  the  escaping  flue  gases. 

The  high  value  of  hydrogen  as  above  de- 
scribed is  62,000  B.t.u.  per  pound.  The  low 
value  is  generally  taken  to  mean  the  high 
value  less  the  latent  heat,  without  consider- 
ing a  final  temperature  higher  than  212  de- 
grees. This  ''low  value''  is  62,000  less  the 
heat  absorbed  by  the  9  pounds  of  steam 
(products  of  combustion  of  1  pound  of  hy- 
drogen). If  the  temperature  of  the  hydrogen 
before  burning  is  39  degrees  F.,  then  the  lost 
heat  in  the  steam  will  be  9  X  ([212  —  39] 
+  966)  =  10,251,  which  deducted  from  62,000 
gives  51,749  B.t.u.  as  the  **low"  heating 
value  of  hydrogen.  In  some  cases  only  the 
latent  heat  is  deducted,  which  would  make 
this  figure  53,306  B.t.u. 

Ordinarily,  for  commercial  purposes,  in 
calculating  the  available  heat  in  a  fuel,  the 
loss  due  to  burning  hydrogen  to  steam  gas  is 
disregarded.  When  specified  for  some  spe- 
cial purpose,  however,  in  connection  with  a 
boiler  test,  it  is  calculated  in  the  same  way 
as  moisture  loss,  each  pound  of  hydrogen 
forming  9  pounds  of  steam  or  water. 

The  determination  of  the  available  heat  in 
a  moist  fuel  is  as  follows : 
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Let  weight  of  fud  as  fired *VI 

Let  per^njkage  of  moisture  in  fuel  as  fired...  •!( 

Let  heat  value  of  dried  fud -H 

Let  temperature  of  fuel  as  fired ■  t 

Let  temperatuie  of  flue  gases -  T 

Total  heat  in  one  pound  df  the  wet  fuel  is  (W  ^-VWlj 

H  »  Total  Heat  (1). 
Moisture  Loss  to  be  deducted  from  this  total 

will  l^e* 
Lo8s,L  -M([212  — t]  +966»  +  0.48[T-B«1 

Available  heat  per  pound  as  fired  (1)  kss  ^ 
(W  —  MW)  H  —  L. 

Example :  itnd  the  available  heat  per  poundii^ 
fired  for  steam-making  pmnpoees,  m  a  ftid  ffft 
taining  66  2/3  per  cent  moisture,  and  wluA 
shows  when  burned  in  a  dry  state  in  a  bomb 
calorimeter  a  heat  value  of  9,600  B.t.u.  pa 
dry  pound,  assmning  t  «  62  degrees,  T  * 
512^degrees. 
Total  heat  in  1  pound  of  moist  fuel   «  (9,600  - 

[0.66  2/3  X  9,600])  =  3,200  B.t.u.  =  (1). 
Moisture  Loss  = 

L  =  0.666  ([212  —  62].  +  966  +  0.48  [512  —  212] 
=  840  B.t.u.  =  (2). 

Available  heat  per  pound  as  fired,  3,200  —  840  ■ 
2,360  B.t.u.    Answer. 

Now  in  addition  to  the  accurate  bomb-calo 
rimetor  method  of  discovering  the  heatinf 
value  of  a  fuel,  upon  which  I  base  all  my  cal 
culatioiis,  another  but  less  accurate  methoc 

*  The  work  rppresented  by  this  treatlae  on  waste  fuels  was  Isifelr  P' 
formtnl  pre\'iou8  to  the  adoption  of  the  Marks  Sc  Davis  Steam  Tables.  Ooi 
sequently  the  latent  heat  of  steam  here  appears  as  066  (acourately  W&' 
B.t.u.  rather  than  the  modem  value  of  970.4  B.t.u.  For  all  oomineR> 
purpoeee.  however,  the  error  introduced  by  this  diacrqpancy  bciog  k 
than  >^  of  one  per  cent  may  be  disregarded. 
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^^  employed.  An  ultimate  analysis  of  the 
"^^terial  is  made  by  a  competent  chemist, 
^luch  shows  the  percentage  of  each  chem- 
^^^1  element.  Then  as  the  heat  value  of  each 
^^  these  constituents  is  know^n,  formulae  have 
^^en  devised  for  calculating  with  this  infor- 
mation what  may  be  the  heat  value  of  the 
^tibstance  as  a  whole.  The  most  used  for- 
mula for  this  purpose  is  that  of  Dulong,  and 
^  as  follows : — 

B.t.u.  per  poimd  = 

14,600  C  +  62,000  (h  —  |-)  +  4,000  S, 

in  which  C,  H,  O  and  S  are  respectively  the 
percentages  of.  carbon,  hydrogen,  oxygen 
and  sulphur,  each  divided  by  100. 

It  is  my  object  to  point  out  in  the  first  place 
that  this  formula  is  not  correct  for  fuels  con- 
taining any  considerable  percentage  of  oxy- 
gen ;  and  in  the  second  place  to  show  why  this 
is  true. 

Take  for  practical  example  the  ultimate 
analysis  of  tan  bark,  which  is  representative 
of  woody  fuels  and  is  composed  on  the  per- 
centage basis  as  follows: —  C  =  51.8,  H  = 
6.04, 0  =  40.74,  Ash  =  1.42.  Apply  Dulong 's 
Formula  and  we  have 

146  +  51.8  +  620  (6.04  —  40.74)  =  8,084  B.t.u. 

8- 
as  the  heat  value  thus  derived. 
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Over  forty  actual  bomb-calorimeter  tests 
have  shown,  however,  that  the  heat  value  is 
really  9,500  B.t.u.,  showing  a  discrepancy  of 
the  Dulong  formula  from  the  truth  of  nearly 
15  per  cent.  So  much  for  the  actual  fact. 
Kow  for  the  reason.  Dulong 's  formula  is 
tased  upon  the  erroneous  assumption  that  all 
the  oxygen  in  a  compound  exists  in  chemical 
Ciombination  with  the  hydrogen,  forming 
B^O,  thus  neutralizing  the  heat  value  of  as 
inany  hydrogen  atoms  as  are  so  combined. 

During  the  writing  of  this  paper  Dr.  Henry 
C.  Sherman  has  written  a  most  enlightening 
article  on  this  subject  under  the  title  of  ^*The 
Relation  of  Chemical  Composition  to  Calori- 
fic Power  in  Wood,  Peat  and  Similar  Sub- 
stances.^'    Dr.   Sherman's   conclusions   are 
based  upon  fifteen  comparisons  of  calculated 
versus  actual  bomb-calorimeter  values,  and 
his  summary  which  follows  is  the  most  au- 
thoritative statement  on  this  subject  at  the 
present  time.    He  states : — 

It  may  be  concluded 

(1)  That  too  much  reliance  should  not  be 
placed  upon  estimates  of  calorific  power  from 
ultimate  chemical  composition  in  fuels  high 
in  oxygen. 

(2)  That  Dulong's  formula,  or  any  similar 
formula  based  on  Welter's  rule,  of  calculat- 
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TLg  tLe  oxTgeD  with  the  hydrogen,  is  likefy 
to  sivt-  results  much  below  the  tmth. 

«3i  That  the  higher  results  obtained  by 
caiculating  the  oxygen  of  the  sample  as  com- 
bining with  the  carbon,  according  to  the  sug- 
gestion of  Walker,  are  much  more  nearly 
correct,  and  in  most  cases  show  a  fair  ap- 
proximation to  the  values  directly  deter- 
mine«L 

m 

The  foregoing  discussion  only  emphasizes 
the  necessitv  for  accurate  work  and  careful 
reasoning  in  dealing  with  waste  fuels  if  ac- 
curate testing,  high  eflSciency,  and  practical 
results  are  to  be  obtained. 

To  return  to  the  actual  handling  of  wood 
fuels,  Fig.  36  shows  an  ordinary  sawdust  fur- 
nace of  tlie  Dutch-oven  type  such  as  is  com- 
monly found  in  the  lumbering  and  saw-mill 
districts.    It  has  the  single  top-feed  hole  and   ] 
provides  the  characteristic  cone-shaped  bed 
of  fuel  on  the  grate.    The  inefficiency  of  draft 
distribution  around  the  edges  of  this  cone 
and  the  inflow  of  unmixed  air  through  the 
feed  hole  have  been  discussed. 

Fig.  38  sliows  a  sawdust  burner  designed 
to  overcome  both  of  these  difficulties  and  also 
to  provide  automatic  feeding  of  the  fuel  at 
precisely  the  rate  at  which  combustion  takes 
place.  The  V-shaped  grate  receives  two  flat 
streams  of  sawdust  from  the  lower  open  ends 
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^  ^ast-iron  or  firebrick  chutes  of  rectangu- 
^^  section  which  are  kept  filled  with  the 
^^el.  ^s  tiie  fire  consumes  the  sawdust,  more 
^  automatically  supplied  by  gravity  and  a 
^^  of  fuel  of  unvarying  thickness  and  effi- 
^i^ncy  is  maintained.  The  thickness  of  the 
*^el  can  be  changed  at  will  to  suit  the  draft 
"y  raising  or  low^ering  the  feed  chutes.  Even 
^faft  distribution  is  obtained  by  the  flat  in- 
stead of  the  cone-shaped  beds  of  sawdust, 
which  greatly  increases  the  rate  of  combus- 
tion and  permits  a  smaller  furnace  being 
used.  The  grates  are  of  the  special  type  used 
in  my  stoker  tan  and  chijj  furnace,  and  give 
a  blow-pipe  or  concentrated  draft  action 
later  described  in  connection  with  Fig.  42. 

When  operating  on  wet  saw^dust  of  8,600 
B.tu.  per  dry  pound,  and  containing  52  per 
cent  moisture,  the  expected  evaporation 
should  be  in  the  neighborhood  of  2.5  pounds 
of  w^ater  from  and  at  212  degrees  per  pound 
of  sawdust,  weighed  as  fired,  with  a  combined 
thermal  eflSciency  of  boiler  and  furnace  of  70 
per  cent  of  the  available  heat  in  a  pound  of 
the  fuel  as  fired. 

Tan  Bark 

It  is  believed  that  tan  contains  a  larger 
percentage  of  moisture  than  any  of  the  other 
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=»ist:  f^prls.  It  b  tme,  therefore,  that  its 
eorr^Hs:  tr^atrrprnt  as  a  fael  has  valuable  bear- 
h^  on  tl-r  ci>nvet  haiuiling  of  other  moist 
fti*-l5  for  riih  combastion  eflBciency. 

T>^  p»ractical  treatment  of  tan  bark  for 
hizt  tifficieney  may  be  concisely  outlined,  first 
by  a  piartial  quotation  from  the  summary  of 
my  paper  on  this  subject  read  before  the 
American  Sc^ciety  of  Mechanical  Engineers 
at  the  annual  meeting  of  1909;  and  further 
by  supplementary  information  with  refer- 
ence to  illustrations  of  furnaces  given  here- 
with. The  pajx-r  was  the  result  of  some  forty 
t»-ts  nil  this  fuel  under  actual  conditions  in 
various  furnaces  an<l  settings. 

Moi-ture: — In  condition  for  firing,  wet 
sjM'iit  hemlock  tan  usually  contains  close  to 
O.J  prr  cent  of  moisture. 

Available  B.t.u. : — Bomb  calorimeter  tests 
on  many  samples  of  spent  hemlock  tan  give 
an  average  value  of  about  9,500  B.t.u.  x>^r 
pound,  samplers  being  dried  before  burning. 
The  avcM-age  available  heat  per  pound  as 
finnl,  after  subtracting  moisture  loss,  is 
about  2fiC}5  B.t.u. 

KfTect  of  L(*aching  on  B.t.u.: — The  heat 
value  of  sjK^nt  hemlock  tan  is  not  affected  by 
the  (l(»gr(K»  of  leaching,  except  inasmuch  as 
th(»  aefnal  weight  is  affected. 

(^h(»mical    ('omi)osition: — This    has    been 
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Htioted  in  the  previous  discussion  on   Du- 
^^^g's  formula. 

Iniproved  EflSciency: — A  considerable  im- 

I^^ovement  in  eflSciency  was  produced  by  a 

Specially  designed  furnace  providing  auto- 

^^tic  feeding,  large  combustion  space  over 

^•^^e  fuel  and  special  draft  admission. 

Presses : — The  use  of  presses  for  reducing 
the  moisture  before  firing  may  constitute 
good  economy  if  the  amount  of  tan  compared 
to  the  amount  of  coal  is  considerable,  and 
providing  the  grate  surface  is  properly  re- 
duced to  meet  the  demands  of  more  rapid 
combustion.    The  grate  surface  is  sometimes 
reduced  one-third.     The  gain   in   available 
heat  is  about  l^/^  per  cent  for  each  per  cent 
drop  in  moisture,  and  this  drop  rarely  ex- 
ceeds 7  per  cent,  i.  e.,  a  reduction  of  moisture 
from  say  65  to  58  per  cent. 

Addition  of  Coal : — As  a  result  of  special 
comparative  tests,  the  addition  of  about  one 
pound  of  coal  to  six  of  pressed  tan  increased 
the  combined  furnace  and  boiler  efficiency 
from  59.4  per  cent  to  63.4  per  cent.  The  av- 
erage CO2  in  the  flue  gases  was  raised  from 
10.9  to  13.8  per  cent.  The  output  of  the  boiler 
was  increased  from  92  per  cent  to  135.5  per 
cent  of  its  rating.  A  further  increase  of 
efficiency  would  have  resulted  in  a  furnace 
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espeoially  designed  for  burning  a  tnixttiK  « I 
coal  and  tan. 

Ample    Combustion    Space:— One  of  1*1 
mo       important   factors   iu    designing  iv-m 
naces  for  tan-burning  is  tliat  of  ample 
bastion  space.    Low-arched  furnaces  areW 
dueive  to  bad  combustion. 

Refractory  Arch: — A  refractory  arch  ot  ^ 
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ng  setting  withont  iin 
re  from  tiie  coolini! 
lell  or  tubes, 
re :— Excellent  com- 
1  1,500  degrees  in  the 
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similar  comb 
Tan  in  its  ns 
ill  a  common  coa 
arcb   separating 
surface  of  tlie  b> 

Furnace     *! 
bustion  of  tan  hh 
throat  of  the  fu 

Flue-Gas  Anal.i 
on  flue-gas  analyses,  tan  burns  with  a  higher 
combustion  than  coal  under  equally  favorable 
conditions.  Tlie  large  amount  of  moisture  in 
tan  produces  comparatively  low  furnace  tem- 
perature, even  with  good  chemical  combus- 
tion, and  acts  against  an  equally  high  com- 
bined efficiency  of  furnace  and  boiler. 

The  furnaces  found  throughout  the  coun- 
try differed  considerably  in  design  and  in  re- 
sults. Owing  to  the  previous  lack  of  testing 
no  rationally  fixed  formulae  existed,  and  con- 
sequently the  furnaces  were  designed  prio- 
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t^^Uy  on  somebody's  idea  of  what  might 
^^^e  improved  results. 

All  the  furnaces  had  a  Dutch-oven  con- 

.^^Hction  with  different  numbers  of  feed  holes 

^  the  roof  of  the  arch.     Some  were  deep. 

^Ome  were  shallow.    Occasionally  a  double- 

^^clied    furnace    was    found.      Combustion 

^bambers  were  sometimes  large,  sometimes 

^mall ;  and  systems  of  firing  were  found  that 

Suited  the  convenience  and  disposition  of  the 
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firemen  rather  than  the  economy  of  the  fuel 
and  the  design  of  the  furnace. 

Generally  speaking  the  poorest  results 
were  found  in  low-arched  furnaces  and  with 
heavy  firing  at  long  intervals.  Much  diffi- 
culty resulted  from  the  cone-shaped  beds  of 
fuel  heavily  packed  uj^on  the  grates  with  the 
draft  ripping  up  the  light  edges  into  blow 
holes  and  cooling  the  furnace. 

Ordinarily  found  types  of  tan  furnaces  are 
shown  in  Figs.  39  and  40.  The  first  repre- 
sents one  of  the  earlier  types,  very  long  with 
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a  single  row  of  feed  holes.  This  was  known 
as  the  Hovt  fumace*  and  where  there  was  a 
lai^  excess  of  tan  to  be  destroyed  this  fnr- 
naee  answered  that  purpose. 

Fig.  4*3  is  a  more  modem  type  with  a  dou- 
ble row  of  feed  holes  for  more  even  distribu- 
tion of  fuel  on  the  grate  and  shows  a  second- 
ary air  supply  in  the  bridge-wall. 

Fig.  42  shows  my  special  design  of  auto- 
matic-stoker furnace  which  was  successfully 


Fig.  40.     L-^tek  Type  or  FntNACE  for  Burning  Tax 

used  in  mo«lern  plants,  and  under  test  showed 
a  combineil  ffficiencv  of  boiler  and  furnace 
of  71.1  jXT  cent  based  on  the  available  heat 
in  the  tan. 

The  essential  features  combining  to  secure 
these  improved  results,  as  will  be  noted  from 
the  cut,  are:  (1)  large  combustion  space 
over  the  fuel  bed;  (2)  automatic  and  con- 
tinuous feeding  of  the  fuel  at  the  exact  rate 
of  combustion;  (3)  drying  before  receiving 
air  supply  by  passing  over  dead  plates  at 
the  upper  edges  of  the  grates;  (4)  discharge 
of  ash  by  shaking  grate  at  bottom  of  furnace ; 
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^'^'i  (5)  special  draft  action  as  shown  in  Fig. 

^-  Owing  to  the  horizontal  air-spacing  in  the 
Ppositely  inclined  grate  surfaces,  the  draft 
^iirrenta  arrive  at  a  focus  of  combustion  in 
*^e  central  zone  of  the  furnace  in  a  manner 
simUar  to  the  two  flames  of  an  acetylene  gas 
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burner.  By  means  of  temperature  differ- 
ences and  mechanical  impulse,  the  flames  or 
currents  then  react  upon  the  dead  plates, 
thus  drying  the  fuel  thereon ;  while  the  vola- 
tile gases  that  are  distilled  off  are  drawn 
downward  into  the  focus  of  combustion 
where  they  meet  the  effective  combination  of 
high  temperature  and  air  supply  and  are 
thus  consumed  at  full  efficiency. 
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Mixture  Burning 


Owing  to  shortage  of  tan  bark  and  to  in- 
creased use  of  steam  in  the  modern  tannery, 
it  has  been  necessary  to  develop  a  mixture- 
burning  furnace.    Fig.  43  shows  two  of  the 
author's    recent    installations    designed    to 
meet  special  requirements  of  this  kind.  Fea- 
tures to  be  noted  are:    (1)  large  combustion 
space;  (2)  a  strong  set  of  shaking  grates  as 
the  clinker  is  bad  with  this  kind  of  mixture ; 
(3)  heated  auxiliary  air  supply;  (4)  special 
bridge  wall  for  baffling;  (5)  small  grate  sur- 
face; and  (6)  provision  for  top  feed  through 
four  holes  and  bottom  front  stoking  by  hand 
if  desired.     These  furnaces  operate  with  a 
heavy  mixture  of  soft  coal  without  smoke. 

Chestnut-Extract  Chips 

Chestnut-extract  chips  are  a  more  difficult 
fuel  than  tan,  as  they  contain  less  heat 
and  as  much  moisture.  This  fuel  has  been 
touched  upon  in  another  part  of  this  paper 
and  is  one  of  those  which  have  recently  been 
changed  from  a  semi-combustible  to  an  auto- 
combustible.  The  author's  tan  furnace 
shown  in  Fig.  42  was  successful  in  solving 
this  particular  problem. 

This  fuel  was  ordinarily  handled  in  com- 


F 


WASTE  FUELS  435 


^on  tan  furnaces,  but  would  not  bum  \vitb- 
^Ut  the  application  of  coal.    This  extra  fuel, 
^f  which  large  quantities  were  consumed,  was 
1^      in  some  cases  mixed  or  * '  dumped ' '  into  the 
same  furnace  with  the  chips.    In  one  of  the 
large  plants,  the  coal  supply  was  stopped 
and  when  conditions  became  normal  an  evap- 
orative test  showed  about  25  per  cent  com- 
bined eflSciency  of  boiler  and  furnace.    Even 
with  the  coal,  continuous  and  dense  smoke 
was  produced.    The  furnace  had  many  feed 
holes  but  a  very  low  arch. 

In  other  cases  the  coal  was  burned  on  a 
separate  grate  in  the  rear  of  the  chip  fur- 
nace, and  the  heat  thus  developed  ignited  the 
chips  and  maintained  a  slow  ineflScient  com- 
bustion. 

In  one  plant  eight  of  the  automatic-stoker 
tan  furnaces,  before  referred  to,  burned  these 
chips  without  any  coal,  with  a  combustion  eflS- 
ciency which  produced  continuous  readings 
of  12  to  14  per  cent  COg,  developed  no  smoke, 
gave  over  full  rating  of  boiler  horse  power, 
and  showed  an  operating  saving  of  many 
thousands  of  dollars  a  year  over  a  duplicate 
plant  using  the  old-time  furnaces  with  aux- 
iliary coal  grates.  These  observations,  from 
the  conamercial  standpoint,  emphasize  the 
important  relation  of  scientific  furnace-de- 
sign to  industrial  eflSciency. 
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Extracted  or  spent  lieorioe-root  ddps  an 
similjir  in  general  eomposition  to  chefitnt 
diips.  and  I  inspected  a  f nmaoe  that  m 
very  sneccssfol  in  baming  the  former  fod  it 
high  efficiency.  The  eonstmetion  was  ikn( 
the  general  lines  of  an  Argand  hamer.  The 
fuel  was  fed  into  a  Dutch  oven  m  a  heirf 
bed  wherein  snffident  temperature  was  mttB- 
tained  to  gasify  the  chips.  The  resoHiflt 
ira5«^  flowed  through  the  fomaoe  throat  intot 
cylindrical  combustion  chamber,  in  wbofle 
ovi.tre  was  a  hollow  checker-work  of  bride  by 
!:>-;iiis  of  which  a  preheated  air  supply  ^^" 
^-r^-«i  an«l  mixed  with  the  fuel  gases.  The 
Vriok  oluH?kt*r-work  of  the  Argand  burner to- 
c»  t l.^r  with  the  combustion  chamber  walb 
::.a:::taiiie*l  a  high  temperature,  thus  promot- 
ir.ij  i\w  iimition  and  combustion  of  the  gases 
wiiioh  woro  well  mixed  with  the  preheated  atf 
sui'ply  by  means  of  the  Argand  feature. 

Bagasse 

Bagasse  is  the  by-product  fuel  resulting 
from  the  maiuifacture  of  cane  sugar.  The 
juice  from  the  ripe  cane  is  extracted  by 
crusliiiiir  in  powerful  mills.  The  remaining 
fibrous  material,  knouTi  as  bagasse,  is  con- 
veveil  to  the  boiler  house  where  it  is  fired  in 
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special  furnaces  and  is  made  to  produce  all, 
or  part  of,  the  steam  required  to  operate  the 
plant.  The  fuel  is  in  the  form  of  strips  from 
3  to  8  inches  long,  but  very  much  longer 
pieces  may  come  through  the  mills. 

In  regard  to  the  heat  value  of  bagasse,  Dr. 
Sherman  made  determinations  on  a  Cuban 
sample  imported  by  the  author  in  an  air-tight 
can  (to  retain  the  moisture).  This  sample 
showed: — B.t.u.  per  dry  pound,  8,324;  mois- 
ture, 57.9  per  cent. 

If  this  were  burned  under  a  boiler  giving 
a  flue  temperature  of  594  degrees  Fahren- 
heit, the  heat  per  pound  of  fuel,  weighed  as 
fired,  available  for  steam  purposes  wonl<l  b(^ 
([100  per  cent  —  57.9.  per  cent]  8,324  — 57.9 
per  cent  ([212—62]  +  970  -f  0.48  [594— 
212] )  =  2,750  B.iu. 

Mr.  E.  W.  Kerr,  who  has  made  a  study  of 
bagasse  burning  in  different  styles  of  fur- 
naces, is  quoted  from  Bulletin  117  of  the 
Louisiana  Agricultural  Experiment  Station 
as  follows: 

*' An  equivalent  evaporation  of  2Vi  pounds 
of  steam  from  and  at  212  degrees  was  ob- 
tained from  1  pound  of  wet  bagass(»  of  a  n(»t 
calorific  value  of  3,256  H.t.u.  This  net  value 
is  that  calculated  from  the  analysis  by  Du- 
long's  ^  formula,  minus  the  heat  rcnjuired  to 

»  Bee  author's  discussion  of  Dulong's  fonnulu,  pages  421-424. 
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evaporate  the  moisture  and  to  heat  the  vapor 
to  the  temperature  of  the  escaping  flue  gases, 
594  degrees  Fahrenheit.  The  approximate 
composition  of  bagasse  of  75  per  cent  ex- 
traction is  given  as  51  per  cent  free  moisture, 
and  28  per  cent  of  water  combined  with  21 
per  cent  of  carbon  in  the  fibre  and  sugar/' 
**For  the  best  results  bagasse  should  be 
burned  at  a  high  rate  of  combustion  at  least 
100  pounds  per  square  foot  of  grate  per 
hour.  *  * 

For  obtaining  quick  combustion  mechan- 
ical draft  is  used  in  many  plants,  the  draft 
being  admitted  to  the  fuel  from  under  the 
grates  and  also  through  tuyeres  in  the  fur- 
nace walls.     This  is  illustrated  in  Fig.  44, 
kindly  contributed  by  a  test  record  by  Dr. 
D.  S.  Jacobus,  Advisory  Engineer  of  the  B. 
&   W.    Boiler   Company.     This   furnace  is 
shown  in  connection  with  a  Stirling  boiler 
installation.    Other  features  to  be  noted  as 
conducive  to  efficiency  are:     (1)   The  very 
large  combustion  chambers  that  are  provided 
for  retaining  the  gases  at  a  high  tempera- 
ture to  afford  sufficient  time  for  combustion 
before   cooling  by  contact  with  the   boiler 
tubes.     Combustion   chambers   for  bagasse 
are  made  larger  than  for  any  of  the  waste 
fuels  previously  mentioned.     (2)   The  well- 
designed  baffle  walls  for  mixing  the  gases 
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with  the  oxygen  and  for  retaining  a  bigh  tem- 
perature. (3)  The  automatic  feed  hoppers 
which  by  means  of  engine  or  motor-driven 
rolls  stoke  the  bagasBe  at  a  unifofra  rate 
tbroagh  the  furnace  roof.  From  there  it  falls 
upon  the  grate  in  nioumls.     'Vhow  arc  fun 


I  these  in  the  illustration,  owing  to  the  large 
e  of  the  boiler.   Ordinarily  only  one  is  pro- 


t  results  show  practical  agreement  with 
'those  quoted  from  Kerr.  In  neither  case, 
[iiowever,  was  the  heat  valne  of  the  fuel  ob- 
iter so  that  no  i 
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accurate  deductions  can  be  made  as  to  the 
absolute  efficiency  of  the  furnace  and  boiler. 
Again,  with  this  fuel  also,  the  same  difficulty 
in  operation  arises  which  has  been  mentioned 
in  connection  with  other  waste  fuels — that  is, 
the  trouble  which  results  from  having  the 
fuel  in  the  form  of  cones   on  the   grate, 
which  prevents  uniform  distribution  of  the 
draft  through  the  fuel.     Furthermore,  the 
*  *  feast  and  famine  ^  ^  condition  is  a  very  hard 
one  to  overcome  in  the  average  sugar-mill 
boiler  room.    Owing  to  a  little  inattention  by 
the  firemen  the  furnaces  are  allowed  to  be- 
come so  full  of  bagasse  that  the  fires  are 
choked  and  cooled.    This  is  the  feast  condi- 
tion.    The  famine  occurs  when  the  bagasse 
is  not  fed  fast  enough  and  the  grates  blow 
bare  ii:i  spots  around  the  edges  of  the  heap  of 
fuel  and  the  furnaces  are  again  chilled  by  the 
excessive  amount  of  cold  air  thus  admitted. 
The  principal  values  given  in  the  test  rec- 
ord are  as  follows : 

RECORD   OF  TEST  OF  BAGASSE   BIJBNINa 
Boiler  and  setting  illustrated  in  Fig.  44 

Duration  of  test,  hours 6 

Heating  surface,  square  feet 6,780 

Grate  area,  square  feet IflO 

Kind  of  fuel Bagasse 

Per  cent  moisture 42.21 

Equivalent  water  actually  evaporated  from 

and  at  212  degrees,  pounds 165,682 
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Economic  ResuUs 

Water  evaporated  per  pound  of  bagasse 

from  and  at  212  degrees 2.46 

Water  evaporated  per  pound  of  dry  bagasse 

from  and  at  212  degrees 4.41 

Water  evaporated  per  pound  of  combus- 
tible from  and  at  212  degrees 4. 50 

Rate  of  Combustion 

Fuel  actually  burned  per  square  foot  of 

grate  per  hour,  pounds 70. 2 

Di^  fuel  actually  burned  per  square  foot  of 
grate  per  hour,  poimds 39.1 

Horse  Power 

Builders'  rating  in  horse  power 500 

Per  cent  developed  above  rating 60 

Fig.  45  illustrates  a  bagasse  furnace  of  the 
author's  that  has  been  designed  to  reduce 
these  common  troubles  as  far  as  possible. 
Two  flat  fuel  beds  are  provided  on  the  V- 
shaped  grates  which  eliminate  the  first  diffi- 
culty, the  feed  hoppers  being  at  the  sides  in- 
stead of  the  centre  of  the  grate.  The  grate 
bars  are  of  the  type  shown  in  Fig.  46;  they 
produce  the  opposed  blow-pipe  effect  of  draft 
and  flame,  and  the  fuel  falls  from  the  side 
hoppers  npon  the  dead  plate  for  drying  and 
gradually  feeds  over  the  grate  surfaces  as 
combustion  takes  place.  The  '* feast"  con- 
dition is  more  difficult  to  obtain  with  this  ar- 
rangement as  it  w^ould  be  impossible  to  have 
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a  heap  of  bagasse  rising  to  the  top  of  the 
fnmace  arch,  and  with  the  fastest  rate  of 
feeding  possible  there  would  always  be  a 
V-shaped  combustion  space  directly  over  the 
bed  of  fuel.  The  ** famine"  condition  may 
occur  with  any  possible  design  if  the  fuel 
supply  is  reduced  below  the  rate  of  combus- 
tion, and  some  attention  is  essential  to  even 
fair  results. 

Fig.  46.    Grate  Babs  fob  Myebs's  Bagasse  Furnacb 

Bagasse  forms  a  heavy  and  troublesome 
clinker,  and  a  heavy  shaking  grate  is  pro- 
vided at  the  bottom  of  the  V-grate  to  reduce 
the  labor  and  heat  losses  of  hand  clinkering. 
Improvement  is  much  needed  in  furnace  de- 
sign and  furnace  control  in  many  bagasse- 
burning  plants.  These  two  factors  will  often 
make  the  difference  of  running  the  boiler 
plant  on  very  little  or  no  purchased  fuel, 
and  on  the  other  hand  of  spending  large 
sums  annually  for  the  buying  of  coal  and  oiL 

Culm 

Anthracite  culm  is,  practically  speaking, 
the  dust  from  tliis  coal.    The  coal  from  tlie 


efldk  foat  immnmg  its  own  name. 
sBftllesfc  HLMirtabte  mat  is  Xo.  3 

g< IHMM  csDed  tukf.    This  grade 

pass  tim^^  3/1&-mdi  and  will  be 
on  3/3&Jnck  rovnd  medies.  Below  this 
is  no  gra£ng;  and  the  fine  **  waste  fnel" 
faDs  throni^  the  last  screen  is  known 
colnL    (See  Fig.  2L) 

This  naterial  has  constitnted  nntil 
years  a  large  waste  of  faeL  Its  very 
ness  makes  it  difficult  to  bom  as,  in  the 
place,  it  opposes  the  penetration  of  draft 
the  grate;  and  in  the  second  place,  under^ 
other  conditions  is  canght  np  by  the  draft 
and  is  blown  off  np  the  flue  as  a  dead  waste. 
To  emphasize  the  difficulty  surrounding  the 
problem  of  its  efficient  combustion,  it  may  be 
stated  that  even  No.  3  buckwheat  demands 
especially-designed  furnaces  and  scientififi 
treatment  in  order  to  obtain  economic  com- 
bustion. 

Briquettes 

Considerable  experimenting  has  been  done 
in  tlie  way  of  briquetting  culm  for  the  ptu^ 
poH(>  of  increasing  its  efficiency.  At  the  pres- 
(Mit  prices  of  other  coals  this  method  is  doubt- 
ful of  success,  although  a  very  marked  im- 
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provement  in  combustion  is  possible.     But 

the  manufacture  of  briquettes  is  expensive, 

requiring  special  machinery  for  pressing  as 

Tvell  as  a  binder  for  maintaining  the  strength 

and  form  of  the  moulds.     The  binders  that 

liave  been  tried  are  flour,  water-gas  pitch,  and 

residue  from  heavy  oils.    The  total  cost  of 

making  briquettes  has  been  from  $1.00  to 

$1.50  per  ton,  which  together  with  the  freight 

and  the  cost  at  the  mines  makes  the  delivered 

price  of  the  fuel  prohibitive  when  used  in 

this  way  for  boiler  purposes,  at  least  in  most 

cases. 

Some  experimenting  has  also  been  done  in 
the  way  of  pulverizing  anthracite  culm  to  a 
very  fine  powder,  about  1/125-  to  1/200-inch 
mesh,  and  then  burning  it  in  a  brick-lined 
furnace  into  which  it  is  blown  bv  a  current 
of  air.  This  has  not  yet  been  developed  to 
the  stage  of  a  commercial  proposition.  The 
method  has  been  successfully  used,  however, 
for  bituminous  coal  dust,  which  ignites  more 
readily  owing  to  its  higher  content  of  volatile 
matter.  The  fuel  burns  like  a  gas  in  the  fur- 
nace and  has  thus  been  used  in  connection 
with  cement  kilns  to  considerable  extent.  A 
high  temperature  is  obtained  and  the  com- 
bustion admits  of  easy  regulation  and  small 
labor  and  is  smokeless. 

One  of  the  most  modem  and  succe^ 


A       1 
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powdered-coal  burners  is  shown  opposite  in 
Fig.  47.  This  device  is  the  invention  of  Wil- 
liam R.  Dunn,  and  is  used  most  successfully 
in  connection  with  kilns  in  the  Portland  ce- 
ment industry.  It  will  be  noted  that  the  coal 
in  the  form  of  dust  is  fed  by  the  screw  con- 
veyor to  a  perforated  cylinder,  from  which 
it  is  dropped  into  an  annular  space  surround- 
ing the  nozzle  **C,'*  which  furnishes  air  at 
this  point  under  high  velocity,  tlms  acting 
like  an  injector  on  the  fine  coal  powder.  An 
auxiliary  air  pipe  is  provided  which  may  be 
supplied  with  heated  air  from  the  clinker 
pit,  means  being  provided  for  the  accurate 
regulation  and  proportioning  of  air  and  fuel. 

Greater  success,  and  in  fact  very  decided 
success,  has  been  gained  by  improvement  in 
design  of  furnaces  for  burning  culm  in  its 
untreated  natural  condition. 

The  successful  type  of  furnace  is  one  which 
combines  well-proportioned  .  and  controlled 
mechanical-draft  apparatus  with  properly 
designed  fire-brick  arches.  The  fuel  has  a 
low  volatile  content  so  that  very  large  com- 
bustion chambers  are  unnecessary,  although 
chambers  are  sometimes  advisable  for  tlie 
purpose  of  arresting  and  depositing  dust 
that  may  be  carried  over  from  the  fire. 

The  air  is  supplied  under  pressure  beneath 
the  grate  in  a  closed  ashpit  at  sufficient  in- 
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tensity  to  penetrate  the  bed  of  calm  under 
all  conditions  of  the  fire.    The  tinder-gnte 
pressure  may  be  regulated  by  draft-adims- 
sion  doors  to  the  ashpit.     The  amoimt,  or 
volume,  of  air  supplied  to  the  culm  is  of  hi(^ 
est  importance  and  this  volumetric  regnli- 
tion  is  effected  principally  at  the  damper  in 
the  uptake  of  the  boiler.    This  damper  is  fre- 
quently controlled  by  an  automatic  regula- 
tor which  partly  closes  and  opens  as  the 
steam  pressure  in  the  boiler  rises  and  lowers. 
But  the  damper  must  first  be  set  by  hand  to 
give  the  correct  throttling  effect  between  the 
determined   extremes   of   operation   of  the 
boiler.    Furthermore,  care  must  be  taken  to 
increase  the  rate  of  firing  as  the  damper 
opens  wider,  and  to  reduce  the  feeding  of  fuel 
as  tlie  draft  decreases.    If  these  precautions 
are  not  followed,  the  damper  regulator  may 
operate  to  reduce  the  air  flow  for  a  heavy 
fire  and  to  increase  the  air  for  a  light  fire, 
thus   destroying  instead   of  improving  the 
economy.    In  other  w^ords,  the  usual  form  of 
automatic  damper-regulator  works  as  a  func- 
tion of  the  varying  steam  pressure,  which 
latter  depends  7iot  alone  on  the  rate  of  com- 
bustion but  as  well  upon  the  rate  of  steam 
flow  from  the  boiler.    This  is  a  point  rarely 
nientioncnl,  if  rc^cognized,  by  promoters  of 
this  class  of  damper-regulators. 
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Control  of  the  under-grate  draft  is  fre- 
quently effected  by  means  of  the  same  class 
of  damper  regulator  as  above  referred  to. 
In  this  case,  however,  a  balanced  valve  is  in- 
serted in  the  steam  line  to  the  fan  engine,  or 
in  the  supply  pipe  of  a  steam  blast  which  is 
often  used  to  create  air  supply  under  pres- 
sure. 

This  balanced  valve  is  connected  to  the 
damper  regulator  and  by  this  means  the  sup- 
ply of  steam  to  the  fan  or  blower  is  regu- 
lated in  accordance  with  variations  of  the 
steam  pressure  at  the  boiler.  The  same  pre- 
cautions are  necessary  with  this  contrivance 
as  have  been  indicated  in  connection  with  the 
opening  and  closing  of  the  damper  when  the 
control  of  the  draft  is  effected  in  that  w^ay. 
That  is  to  say,  when  the  draft  increases,  an 
increase  in  the  rate  of  firing  must  also  be 
made,  and  vice  versa,  for  the  purpose  of 
maintaining  the  air  and  fuel  supply  in  proper 
relation  to  each  other. 

A  well  constructed  set  of  dumping  grates 
for  disposing  of  the  clinker,  and  also  the  ad- 
mission of  steam  under  the  grates  for  soften- 
ing this  clinker,  are  valuable  adjuncts  to  a 
culm-burning  furnace.  A  careful  study  of 
conditions  is  essential  to  determine  the  eco- 
nomic ratio  of  grate  surface  to  the  heating 
surface  of  the  boiler. 
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The  notable  advance  in  the  utilization  of 
anthracite  calm  on  a  large  scale  is  indieateil 
by  the  plant  of  the  Harwood  Electric  Com- 
pany, Harwood,  Pa.,  where  twenty-two  950- 
horse-power  boilers  are  iristalleil  to  operate 
on  this  fuel  which  costs  them  about  five  cents 
per  ton,  delivered.  By  burning  the  culm  di- 
rectly at  the  mines,  the  cost  of  freight  is 
eliminated  and  cheap  electric  current  is  gen- 
erated for  high-tension  distribution  through 
the  surrounding  territory. 

Another  similar  plant  is  planned  for  Mauch 
Chunk,  Pa.  The  entire  supply  of  culm  is  to 
be  contracted  for  at  the  rate  of  a  few  cents 
per  ton.  The  ash  and  clinker  are  to  be  sold 
back  to  the  mines  for  filling-in  purposes, 
which  still  further  reduces  the  net  cost  of 
fueL  ,The  culm  is  to  bo  burned  in  special 
furnaces  designed  along  the  lines  described, 
and  briquetting  will  not  be  necessary. 

Thus  a  valuable  by-product  which  was  for- 
merly considered  a  mere  waste  and  groat  det- 
riment and  was  piled  up  into  the  ononnous 
culm  heaps  familiar  to  the  anthracite  region, 
has  at  last  by  virtue  of  scientific  furnace  de- 
sign come  into  its  own  to  fill  an  important 
place  in  the  great  economy  of  power  genera- 
tion. 

Fig.  48  illustrates  a  culm-burning  furnace 
and   boiler   setting,   using   McClave-B? 
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dumping  grates  and  fire-bride  arches ;  the  lat- 
ter for  the  donble  purpose  of  TnaintainiTig  ig- 
nition temperature  over  the  fire  and  for 
checking  the  flight  of  dust  particles  that  may 
be  caught  up  by  the  draft 

The  following  data  in  Test  B  are  taken 
from  a  complete  test  on  a  McCIave  equip- 
ment, while  Test  A  shows  the  comparatively 
poor  results  on  a  furnace  without  an  arch 
over  the  fire. 


TeaB 

Location  of  Plants  Reading^  Pa, 

Test  A 

Pnjedei 

Kind  of  Boiler,  H.T. 

Regular 

Ftemaee 

Fuel  River  Coal  Refuse 

Setting 

McClaee 
Design 

Ratio  grate  to  heating  surface 

1  to50 

1  to40 

Water-heating  surface,  sq.  ft. 

1,949 

1,949 

Per  cent  moisture  in  coal . . . 

9.06 

10.63 

Dry  fuel  burned  per  sq.  ft. 

grate  surface  per  hour 

16 

15 

Horse  power  developed 

168.7 

202.76 

Equivalent  evaporation  from 

and  at  212  degrees  per  lb. 

coal  as  fired 

7.96 

8.6 

Equivah^nt  evaporation  from 

and  at  212  degrees  per  lb. 

- 

dry  coal 

8.76 

9.633 

Percentage  of  ash  in  dry  coal 

Percentage  of  volatile  in  dry 
coal 

« 

Calorific  value  of  the  dry 

coalperll).,B.t.u 

12,724 

i     12,178 

EflSciency  of  boiler,  including 

furnace    (based    on    dry 

coal),  per  cent 

66.4 

76  39 
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The  culm  used  in  these  tests  makes  a  strik- 
ing example  of  the  reclaiming  of  waste  fuel, 
for  the  material  used  is  known  as  **  river 
coal  refuse.'^  This  consists  of  ** tailings^' 
which  compose  the  waste  from  the  screening 
and  washing,  and  which  are  carried  into  the 
river.  These  tailings  are  made  up  chiefly 
of  culm  under  3/32-inch  mesh  with  some 
small  proportion  of  coarser  particles.  This 
coal  dust  settles  where  it  may  on  the  river 
bottom  and  is  dredged  up  for  use  under  boil- 
ers equipped  with  special  furnaces  for  its 
combustion,  a  true  example  of  reclamation. 

An  inspection  of  Fig.  48  will  show  the  spe- 
cial method  of  preheating  air  over  the  fur- 
nace arch  and  of  introducing  this  air  under 
pressure  in  such  a  manner  as  to  cause  a 
forced  intermingling  or  mixing  action  in  the 
furnace  with  the  fuel  gases.  Another  hoated- 
air  admission  to  still  further  increase  this 
effect  and  to  cause  a  whirring  or  baffling 
action  is  shown  at  the  bridge  wall  of  the  fur- 
nace. The  blast  is  caused  by  steam  blowers 
which  also  reduce  and  soften  the  formation 
of  clinker.  Dumping  grates  of  special  con- 
struction facilitate  the  cleaning  of  fires. 

A  Parson  system  culm  furnace  is  shown 
in  Fig.  49.  This  also  is  of  the  Dutch-oven 
type  and  the  draft  is  furnished  by  steam- 
blast  apparatus.    An  automatic  draft  regula- 


ftr  of  tte  gMMil  tjpe  prvnaaafy  referred 
to  m  iihif  as  a  part  of  thiB  eqaipment,  ud 
nrMQpfiy  is  prvnded  over  As 
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fire.  The  Parson  Co.  kindly  fumiahed  the 
following  test  made  under  forced  conditio*Si 
which  illastrateB  the  combnstion  of  a  fresh- 
mined  cnlm  consisting  of  13.55  per  cent  rioei 
44.8  per  cent  barley   and  41.65  per  cent 
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**dirt/'  the  last  constituent  indicating^  no 
doubt,  fine  dust. 


Test  on  Pabson  System 

Fuel  used Fresh- 
mined  culm 

Ratio  of  grate  surface  to  heating  surface .  1  to  37 . 3 

Water-heating  surf  ace,  sq.  ft 3,030 

Per  cent  moisture  in  coal 3 

Dry  coal  burned  per  sq.  ft.  grate  surface 

per  hour 22.26 

Horse  power  developed 447 . 3 

Equivalent  evaporation  from  and  at  212 

de^ees  per  pound  of  coal  as  fired 8.35 

Equivalent  evaporation  from  and  at  212 

degrees  per  pound  of  dry  coal 8.61 


Coke  Braize 

When  gas  is  made  by  destructive  distilla- 
tion of  soft  coal,  which  is  the  older  method 
employed  for  city  gas  production,  there  is 
left  as  one  of  the  important  by-products  a 
finely  divided  coke.  The  volatile  gases  have 
been  driven  off,  so  that  the  coke  that  remains 
is  principally  carbon  which  is  naturally  high 
in  ash.  The  particles  are  about  the  size  of 
No.  2  or  No.  3  buckwheat  coal,  and  it  can  be 
successfully  used  as  a  boiler  fuel  with  proper 
furnace  equipment.  It  is  capable  of  compet- 
ing with  the  fine  sizes  of  low-priced  anthra- 
cite coal. 
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Coke  braize  is  best  burned  with  an  nnder- 
grate  draft  pressure  of  considerable  inten- 
sity. A  draft  pressure  of  1-inch  water  gauge 
was  used  in  a  test  made  by  the  author.  Tbi9 
draft  was  supplied  by  a  steel-plate  fan  de- 
livering into  the  closed  ashpits  of  two  wate^ 
tube  boilers.  Some  of  the  results  and  data 
are  as  follows: 

Test  of  Burning  Coke  Braize 

Cost  of  coke  braize  per  long  ton  delivered ....  12.30 

Percentage  of  ash 21 

Evaporation  per  lb.  of  coke  braize  from  and  at 

212  degrees,  lb 6.25 

Evaponition  per  lb.  of  combustible  from  and 

at  212  degrees,  lb 7.53 

Cost  to  evaporate  1,000  pounds  of  water  into 

steam  from  and  at  212  degrees $0. 164 

CO2 — average  in  flue  gases,  per  cent 10.25 

The  principal  characteristics  developed  in 
burning  this  fuel  are : 

1.  A  very  hot  fire  A\dth  long  flame. 

2.  Formation  of  a  large  amount  of  very 
hard  and  troublesome  clinker. 

It  was  found  by  experiment  that  by  mak- 
ing the  coke  braize  very  wet  before  firing  re- 
sults were  nmch  improved.  The  moisture 
softened  and  reduced  the  clinker  materially. 
B(^ttor  results  could  undoubtedly  have  becB 
obtained  with  further  practice. 
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City  Eefuse 


City  refuse  belongs  to  the  class  of  fuels 
which,  by  application  of  the  scientific  prin- 
ciples of  combustion,  have  been  promoted 
from  the  state  of  semi-combustible  into  that 
of  auto-combustible  fuel. 

While  this  heterogeneous  material  can  be 
disposed  of  by  dumping  at  sea  or  on  waste 
land — sometimes  in  an  inexpensive  manner 
— the  consensus  of  opinion  is  strongly  in 
favor  of  its  disposition  by  combustion.  The 
strength  of  this  opinion  is  largely  due  to  com- 
paratively recent  improvements  made  in  the 
design  and  efficiency  of  destructors  or  refuse 
burners.  Furthermore,  when  combustion  is 
complete,  burning  is  by  far  the  most  sanitary 
method  of  disposing  of  this  and  other  oflfen- 
sive  materials. 

It  is  a  notable  achievement  of  engineer- 
ing study  and  skill  that  has  made  possible 
not  only  the  smokeless  and  complete  combus- 
tion of  city  refuse,  but  also  the  production  of 
useful  heat  and  power  from  this  former 
waste. 

Some  of  the  collected  matter,  principally 
the  house  garbage,  contains  so  much  mois- 
ture in  comparison  with  its  low  heating  value 
that  to  burn  it  alone  w^ould  be  impossible. 
But  by  mixing  this  wdth  all  the  other  matter. 
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Date,  1908 

Duration,  hours 

Materia]  {see  above  notes) 

Evaporation  per  lb.  of  refuse 

burned,  gross  actual  lb. . . . 

Net  useful  steam  for  power 

purposes  from  and  at  212 

d^rees,  lb 

COj  average  per  cent . . , 
Temperature    of     chimney 


Test  No.  1 

May  6 

8 

Sept.  Mix. 

1.17 


1.31 
12.2 


Test  No.  2 

May  13 

8 

Feb.  Mix. 

1.10 


1.24 
12.5 


The  capacity  of  this  buniGr  is  60  tons  per 
"**.y  and  is  the  first  of  this  design  installed  in 


*-Vie  United  States.    A  cut  showing  the  gen- 
^>al  design  is  given  in  Fig.  50.     Fig.  52 
,x/page  461)  shows  an  exterior  view  of  the 
vVest  Brighton  Plant. 

Some  of  the  features  of  especial  note  are 
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the  very  large  combustion  chambers^  the  pre- 
heated air  supply  delivered  under  pressme^ 
below  the  grates,  and  the  division  of  the 
space  below  the  grate  so  that  the  draft  ea 
be  shut  off  for  any  one  section  while  diiik- 
ering. 

An  additional  feature  has  been  sucoessfol- 
ly  attained  by  passing  the  air  supply  for  the 
furnace  through  the  white  hot  clinker,  whieh 
performs  the  double  function  of  cooling  the 
clinker  for  handling  and  of  reclaiming  muA 
of  its  heat  for  the  improvement  of  the  fnt- 
nace  efficiency.  Mr.  Fetherston  has  done  val- 
uable work  in  this  connection.  The  exhaus- 
tive tests  made  by  him  for  the  City  are  re- 
corded in  Vol.  LX  of  the  American  Society 
of  Mechanical  Engineers. 

Colonel  Wm.  F.  Morse  has  made  valuable 
contribution  to  this  field  of  municipal  waste 
disposal  through  his  deep  study  and  impor- 
tant book  on  the  *  *  Collection  and  Disposal  of 
Alunicipal  Waste,*'  through  his  own  design 
of  destructors,  and  through  his  experience  in 
tli(>  handling  of  such  problems. 

(Colonel  Morse  acts  also  in  consulting  ca- 
pacity in  connection  with  the  construction  in 
this  country  of  the  Sterling  destructor.  This 
is  also  an  English  furnace  and  it  is  largely 
used  in  European  and  other  countries.  Fig. 
51  gives  an  idea  of  the  design  of  this  burner. 


'S-. 


J     •■  A. 


'^v. 


WASTE   rUBlS 


v\^     'Mature  of  especial  importance  for  this 

X^    Y  ^^^^  by  various  destructor  companies, 

\y    '^O'wn  clearly  on  this  cut,  i.  e.,  the  drying 

j^^s  or  dead  plates.    In  charging,  the  wet 

^^'  is  placed  upon  these  where  it  is  made 


sufficiently  dry  for  burning  before  being 
raked  over  onto  the  real  grate  surface. 

Evaporative  results  vary  with  the  compo- 
Bition  of  the  refuse,  but  1^4  pounds  of  steam 
from  and  at  212  degrees  per  pound  of  refuse 
appears  to  be  a  usual  figure  for  guarantees 
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when  ^^ average"  refuse  is  supplied.  Consid- 
erably higher  results  have  beea  obtained  in 
the  official  tests  recorded.  An  English  Ster- 
ling plant  officially  reports,  as  an  average 
for  one  year,  an  evaporation  per  ponnd  of 
refuse  destroyed  of  1.4  ponnds  of  water  into 
steam. 

The  clinker  that  results  from  the  burning 
of  city  refuse  is  crushed,  combined  with  Port- 
land cement,  and  formed  into  concrete  blodo 
UHoful  for  building  purposes.  These  are  sold 
and  thus  reduce  the  cost  or  increase  the  profit 
of  oi)oration  of  the  plant. 

In  furthor  relation  to  composition  of  city 
n^fusi^  Mr.  George  Watson  in  a  paper  before 
tlio  Institution  of  Mechanical  Engbeers 
statos  tliat  **it  is  a  fairly  safe  generalization 
to  say  that  in  England  it  consists  of  one-third 
by  w(4ght  of  water,  one-third  combustible 
]natl(»r,  and  one-third  incombustible.''  This 
last  is  the  portion  withdrawn  in  the  form  of 
I'liiikor  to  bo  crushed  and  formed  into  blocks 
tor  buihliiisr  or  other  purposes. 

ill  tho  (^arly  days  of  refuse  destructors 
t  hoy  woro  opcM-ated  entirely  on  natural  chim* 
noy  draft.  A  partial  vacuum  was  thus  a'' 
ways  prosoiit  in  the- furnace.  Since  the  clink- 
orini::  and  charging  operations  required  that 
tho  furiiaoo  doors  should  remain  open  a  con- 
sidorablo  tinio,  vory  great  volumes  of  coW 
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air  would  enter  the  furnace  by  virtue  of  the 
higher  pressure  of  the  atmosphere  outside. 

To  Mr.  William  Horsfall  is  credited  the 
correction  of  this  cause  of  inefficiency  by  the 
introduction  of  forced  draft  under  the  grates. 
Thus  by  proper  regulation  the  pressure  in 
the  furnace  becomes  equal  to  the  atmos- 
pheric pressure  outside,  so  that  the  detri- 
mental Inrush  of  cold  air  while  the  doors  are 
open  is  prevented,  and  the  efficiency  of  com- 
bustion is  largely  increased. 

Another  design  of  refuse  destructor  which 
was  recently  invented  in  this  country  by  Dr. 
J.  B.  Harris  is  shown  in  Fig.  53.  Provision 
is  made  for  drying  out  the  wet  bulky  mate- 
rial on  water  grates  above  the  fire,  these 
grates  being  formed  by  the  upper  tubes  of  a 
boiler  constructed  within  the  furnace.  It  is 
claimed  that  carcasses  of  dead  animals  can 
thus  be  effectively  incinerated. 

Certain  essential  features  are  common  to 
the  most  successful  designs  of  refuse  de- 
structors. They  may  be  summarized  as  fol- 
lows: 

1.  Very  large  combustion  spaces  or  cham- 
bers are  provided  for  checking  the  velocity 
of  the  gases  and  affording  time  for  their 
diffusion  with  the  air  for  combustion. 

2.  The  fuel  is  surrounded  by  hot  fire- 
brick surfaces,  the  walls  of  which  are  capable 
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^^f     retaining   sufficient   heat   to   gasify   and 
^ause  the  ignition  of  the  fresh  charge  of  fuel. 

3.  The  fresh  charges  are  small  in  com- 
parison with  the  mass  of  burning  refuse,  in 
^t'der  to  prevent  the  serious  lowering  of  the 
furnace    temperature.      Necessarily,    there- 
fore, the  charging  or  firing  is  done  at  short 
Uitervals, 

4.  An  under-grate  preheated  forced  draft 
of  high  intensity  is  employed  to  obtain  (a) 
Wanced  furnace  conditions,  (b)  an  effective 
penetration  of  the  mass  of  fu(»l,  and  (c)  con- 
trolled coml)ustion. 

5.  Dr>'ing  hearths  or  dead  plates  or  other 
means  are  provided  for  evaporating  the 
moisture  from  the  refuse  before  it  reaches 
the  grate  surface. 

6.  A  very  important  feature  in  operation 
is  the  mixing  together  of  all  tlie  different 
classes  of  refuse  to  be  destroyed.  This  pro- 
duces a  constant  supply  of  fuel  of  the  aver- 
age calorific  power  for  the  furnace.  Other- 
wise it  would  be  easy  to  '^kilP'  the  fire  by 
suddenly  introducing  a  quantity  of  very  wet 
or  very  bad  refuse. 

7.  Between  one  and  two  pounds  of  steam 
are  generated  for  each  pound  of  refuse  de- 
stroyed, depending  upon  the  composition  of 
this  refuse  and  upon  the  efficiency  of  design 
and  operation  of  the  destructor. 
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8.    It  has  been  found  best  from  the  stafli' 
point  of  eflSeiency  as  a  general  rale  not  to 
sort  and  pick  the  refuse  but  to  let  all  go  to 
the  destructor.    The  picking  of  refuse  is  in- 
sanitary for   the  workers   and  dangeroiB, 
owing  to  possibility  of  contagious  disease. 

There  are  still  other  substances  vluA 
could  be  treated  as  waste  fuels,  but  thdr 
discussion  would,  in  the  mind  of  the  read^t 
merely  emphasize  the  variety  of  methocb 
used  to  apply  the  same  principles  of  combus- 
tion. 

In  summing  up  this  broad  subject  of  waste 
fuels,  the  author  can  only  refer  once  more  to 
the  three  simple  requirements  of  combustion 
which  apply  to  all  fuels. 

1.  High  temperature. 

2.  Correct  air  supply. 

3.  Complete  mixture  of  this  air  with  the 
fuel  gases. 

These  combustion  requirements  are  com- 
mon to  all  fuels — rich  or  poor  in  heat  values, 
good  or  bad  in  physical  or  chemical  compo- 
sition. The  solution  of  any  specific  problem, 
the  burning  of  any  specific  fuel,  depends 
upon  the  scientific  application  of  these  com- 
mon requirements  to  the  particular  material 
in  question.  This  belongs  to  the  field  of  sci- 
entific design  and  operation  of  furnaces. 
That  much  advance  has  been  accomplished  in 
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recent  years  in  this  field  is  demonstrated  by 
the  production  of  useful  power-generating 
combustion  with  matter  that  had  previously 
been  considered  either  worthless  as  fuel  or  as 
belonging  to  the  semi-combustible  class  which 
required  the  burning  of  expensive  fuel  for 
its  ignition. 

It  must  be  remembered,  however,  that  such 
fuels  intrinsically  contain  more  heat  units 
than  are  actually  required  for  the  mainte- 
nance of  their  gasification  and  ignition.  If 
they  did  not,  to  burn  them  would  be  as  im- 
possible as  to  make  a  stream  run  up  hill.  If 
they  do  contain  a  sufficient  excess  of  heat 
over  and  above  the  gasification  and  ignition 
requirements,  then  the  efficiency  of  their  com- 
bustion depends  entirely  upon  the  design  and 
operation  of  the  furnace. 

Many  quotations  are  made  in  text  and  ref- 
erence books  as  to  the  heat  value  of  moist  and 
fibrous  fuels  which  are  entirely  misleading 
if  not  useless.  This  is  owing,  in  the  first 
place,  to  the  variety  of  ways  in  which  heat 
values  may  be  reported  and  the  absence  in 
such  quotations  of  definite  specifications  as 
to  which  of  four  different  methods  is  used. 
Further — and  equally  serious — error  may 
arise  from  dependence  for  calorific  powers 
on  formulas  like  Dulong's,  which  assume 
that  all  of  the  oxygen  in  a  fuel  is  combined 
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b*€->rr  combustioii  with  the  hydrogen  in  tliat 
fael  Th^  eTT*?r  mav  be  slicrht  in  fuels  con- 
TA:*:rf  bat  little  oxygen,  but  increases  to 
>er>:»cs  e3rtent  with  woodv  and  many  other 

m  m 

w^LSte  fue-Is  hisrh  in  oxvsren.  Calculations 
e^'^^tiring  this  common  error  are  unsafe  and 
«5*rl«es5,  both  for  corapmrison  of  combustion 
p«rrforman<>?<  and  for  predicting  results  in 
any  p-n>blem  dealing  with  these  fuels. 

As  a  final  statement  concerning  the  suc- 
c^e^ssfn!  trv^tment  of  waste  fuels,  perhaps  the 
most  sp<?cifie  ami  at  the  same  time  the  most 
general  conclusion  would  be  the  following: 

As  V'hysieal  human  beings  are  govemeil  by 
the  laws  of  hygiene  common  to  all,  so  all 
waste  fuels  must  be  treated  under  the  nature- 
determineii  laws  of  combustion  common  to 
fuels  of  every  description:  and  likewise, 
there  beinir  no  one  medicine  or  treatment 
that  will  give  perfect  health  to  all  persons, 
each  individual  requiring  specific  treatment 
according  to  his  special  condition,  so  also 
each  particular  waste  fuel  constitutes  a  spe- 
cific problem  of  its  own  and  requires  special 
study  and  treatment  according  to  its  ovsti  pe- 
culiar chemical  and  physical  characteristics. 


Chapter    XVII 

BOILER-FEED    PUMPS;   STEAM   CONSUMP- 
TION  TESTS 

T7  OR  supplying  water  to  the  boilers  the  di- 
^  rect-acting  type  of  steam  pump  is  almost 
universally  employed. 

In  the  design  of  an  efficient  power  plant 
the  amount  of  exhaust  steam  to  be  produced 
must  be  estimated,  and  yet  there  are  but  few 
data  in  the  form  of  actual  tests  on  feed 
pumps  available  for  such  use.  The  most  con- 
venient form  of  expressing  the  steam  con- 
sumption of  a  feed  pump  is  in  a  percentage 
of  the  total  steam  developed  by  the  boilers 
which  are  served  by  the  pump  in  question, 
and  I  have  made  careful  tests  to  determine 
this  value  under  working  factory  conditions 
in  two  places.    These  tests  are  given  below. 

FEED-PUMP  STEAM  CONSUMPTION 

Test  No.  1,  June  3,  1913 

Make  of  pump Snow 

Type  of  pump Duplex 

469 
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Siieof  pump 6X4X1 

Siie  of  feed  line 2indi 

Duration  of  test l}i)sB^ 

Exhaust  from  pump  condensed  in  tank 

and  condensation  measured. 

St^am  pressure  in  boiler 115  Ibi 

Number  of  boilers  served 2 

Temperature  of  feed  water  (approximate)  185degnci 

Water  fed  by  pump  to  boiler  (total) 8,3301b. 

Steam  condensed  from  pump  exhaust, 

total 5621b^ 

Per  cent  of  boiler  output  used  by  feed 

pump,  552  -^  8,330 6.63 

Bi)ilor  horse  power  developed  at  30  lb. 

steam  per  horse  power  per  hour 185 

Bc>ilcr  horse  power  used  by  pump  @  30 

lb.  steam  per  horse  power  per  hour 12.25 

Conditions 

This  was  an  old  pump,  its  exact  age  not  be- 
ing known.    When  the  valve  on  the  discharge 
lino  was  closed  and  full  steam  pressure  ad- 
niittiHl   to   the   steam   cylinders   the  puDiP 
showed  a  very  small  amount  of  slip  in  the 
water  end  and  a  comparatively  small  amouBt 
of  loakajro  past  the  steam  valves  and  the 
steam  piston,  all  of  which  indicate  that  the 
pump  was  in  average  working  condition  when 
tested.    Consequently  this  test  may  be  taken 
as  a  fair  indication  of  the  amount  of  steam 
consumed  by  a  duplex  feed  pump  when  han- 
dling two  boilers  under  conditions  of  opera- 
tion corresponding  to  those  existing  in  this 
plant. 
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It  should  be  further  noted  that  the  pump 
was  being  regulated  by  a  feed-water  regula- 
tor and  not  by  hand.  The  regulator  when  oflF 
did  not  quite  stop  the  action  of  the  pump,  but 
allowed  it  to  run  very  slowly  so  that  it  would 
scarcely  discharge  any  water  to  the  boilers 
during  the  off-time  of  the  regulator.  The 
pump  would  run  about  1  minute  or  1  Vij  min- 
utes at  full  speed  and  then  the  regulator 
would  be  off  for  about  two  to  three  minutes. 

Another  condition  of  operation  which 
should  be  noted  is  that  the  pump  was  taking 
cold  water  from  measuring  barrels  having 
close  connection  to  pump  and  forcing  this 
water  through  a  short  length  of  pipe  and 
thence  through  a  Reilly  multicoil  h(»at(^r  and 
from  there  to  the  boilers  with  an  av(?rag(i 
number  of  turns  in  the  feed  piping  which  was 
2-inch. 

Method  of  Testing 

During  the  test  all  water  fed  to  the  boilers 
was  measured  in  a  feed-wator  w(»igher  t(\sto<l 
to  within  ys  of  one  per  cent  accuracy.  The 
exhaust  pipe  of  the  feed  pump  was  turned 
directly  below  the  surface  of  cold  water  in  a 
calibrated  tank  and  so  condensed.  The 
weight  of  condensation  was  calculated  from 
the  increase  in  volume  of  the  water,  with 
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proper  consideration  of  volume  change  doe 
to  the  increased  temperature  at  the  end  of 
the  test. 

FSKD-PUMP  STEAM  CONSUMPTION 

Test  No.  2-July  10, 1913 

Make  of  pump 

T^pe  of  pump Dupte 

handicg. 

Size  of  pump 4J4X3XS 

Size  of  feed  line 

Duration  of  test 2hr.37Bn». 

Steam  pressure  in  boUer 501b. 

Number  of  boilers  served 2 

Temperature  of  feed  water 68  degrctf 

Water  led  by  pump  to  boiler 11,700  lb. 

Water  fed  by  pump  to  boiler  per  hour. .  4,4751b. 
Steam  condensed  from  pmnp  exhaust, 

total 6841b. 

Per  cent  of  boiler  output  used  by  feed 

pump 5.84 

Boiler  horse  power  developed  at  30  lb. 

steam  per  horse  power  per  hour 149 

Boiler  horse  power  used  by  pump  @  30 

lb.  steam  per  horse  power  per  hour 8.7 

Conditions 

This  pump  was  an  old  second-hand  one.  y 
took  water  at  68  degrees  and  discharged  it 
through  a  Borryman  closed  feed-water  \i^^ 
er  and  about  50  feet  of  pipe  into  two  horizon- 
tal tubular  boilers.  The  general  condition* 
of  piping,  number  of  turns,  and  general  oper- 
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ation  might  be  called  average  for  small  fac- 
tory power  plants.  The  pmnp  was  regulated 
by  hand,  and  drew  its  supply  from  a  sump 
tank  or  barrel,  the  water  level  in  which  was 
about  18  inches  above  the  level  of  the  pump 
suction. 

Method  op  Testing 

The  method  of  testing  was  precisely  the 
same  as  that  employed  in  test  No.  1.  (See 
pages  469,  470.) 

The  steam  consumption  of  a  feed  pump 
will  depend  upon  the  mechanical  and  thermal 
eflSciency  of  the  pump  itself  under  the  im- 
posed conditions  of  steam  pressure,  back 
pressure,  and  load,  and  upon  the  total  head 
under  which  it  works.  These  conditions  will 
vary  considerably,  but  a  direct-acting  steam 
pump  is  at  best  the  most  inefficient  type  of 
steam  motor,  and  should  be  used  only  where 
steam  economy  is  of  secondary  importance 
or  where  the  exhaust  steam  can  be  thorough- 
ly utilized,  as  for  instance  in  a  feod-water 
heater  or  in  the  steam  coils  of  a  heating  sys- 
tem. 

In  any  event  the  foregoing  tests  have  their 
peculiar  value  as  being  based  on  no  theoret- 
ical considerations  whatever,  but  upon  actual 
performance  under  the  stated  conditions ;  and 
these  results  will  serve  well  as  a  basis  of 
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compatjitioii  for  the  amount  of  e:slmast  to  b« 
cared  for  in  the  layout  of  many  small-sized 
factory  plants.  In  such  it  may  be  safely 
figured  that  from  5  to  7  per  cent  of  the  total 
boiler  steam  will  be  required  to  operate  the 
feed  pump  when  '  "  tter  is  of  the  direct- 
acting  duplex  t;  The  single-cylinder 
steam  pump  will  little  less  steam  than 
the  duplex,  owin^ 


condensation,  s  les 
and  less  friction  < 
The  single  pm 
designs  is  not  » 


lightly  less  cylinder  1 
eentage  of  clearance,  ! 
ons,  rods  and  valves.  I 
other  hand  in  nsnal  I 
positive  in  the  actn-  i 


ation  of  its  steam  valves. 

The  following  calculation  of  efficiency  will 
prove  interesting  as  applied  to  the  pomp  of 
test  No.  1,  this  one  being  selected  as  being 
representative  of  a  better  average  condition 
as  to  steam  pressure  on  the  boilers,  i.  e.,  US 
pounds  per  square  inch. 

Assuming  the  total  head  against  which  the 
jiuin])  was  working  to  have  been  120  pomiili' 
(allowing  for  lift  to  boilers  and  friction  o^ 
piping,  elbows  and  valves),  the  theoreticB* 
horse  power  of  pumping  would  be 


H.P. 


W.H. 
"  33,000' 


=  Weight  of  water  per  miBute  =  92.55 

=  Height oflift  =  120  X  2.3094  =  277.1ft.i^ 
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Theoretical  horse  power  =  —  qq  nnn       =0*777 
horse  power 

That  is,  the  actual  work  of  moving  the  wa- 
ter at  the  above  rate  without  loss  was  0.777 
horse  power.  From  the  pump  test  552  -f- 1.5 
=  368  pounds  of  steam  per  hour  were  ac- 
tually required  to  do  this  work.  Hence  the 
steam  consumed  per  utilized  horse-power 
hour  was  368  -f-  0.777  =  473  pounds. 

Now  if  the  mechanical  efficiency  of  the 
pump  is  50  per  cent  (see  Kent)  the  indicated 
torse  power  of  the  pump  was  0.777-^0.50 
=  1.554  indicated  horse  power  and  the  steam 
consumption  of  the  pump  per  indicated  horse 
power  per  hour  was  237  pounds. 

A  pound  of  steam  at  the  boiler  pressure 
contained  1,191  B.t.u.  above  32  degrees  F. 
and  237  pounds  would  contain  282,267  B.t.u. 
The  heat  equivalent  of  a  mechanical  horse- 
power hour  is  2,545  B.t.u.  Therefore  the 
thermal  efficiency  of  the  pump  referred  to  in- 
dicated horse  power  would  be  2,545  -=-  282,267 
=  0.9  per  cent. 

The  thermal  efficiency  referred  to  the  en- 
ergy actually  utilized  in  moving  the  water 
would  be  one-half  of  this  figure,  i.  e.,  0.45  per 
cent.  The  efficiency  of  an  engine  using  30 
pounds  of  steam  at  this  pressure  referred  to 


adBsI  or  Infe  kosse  pover  would  be  2J5fi 
^  (»  X  IJ91>  =7.12  per  cent 

Tkcxcfofe  we  «w]r  aa]r  that  the  poiqi  op- 


enfeed  al  «a  dBtkiitf  of  0L1263  or  about  ^ 
4hf  the  ahote  cwgiae  ifc.Mjiry  whoi  referred 
to  iiatiBatrd  hone  power,  ond  at  about  1/16 
of  this  cwpae  ciBaeiirr  when  referred  to  vtil- 


The  f oDowinif  test  on  the  steam  eonsmnp- 
tion  of  a  dapkx  feed  pomp  made  by  Mr.  8. 
Milton  Clarfc^  M.  K,  is  interestiiig  as  addi- 
tional data  diecking  dosely  the  results  ob- 
tained br  the  author  on  the  two  other  tests 
quoted  in  this  chapter.  The  conditions  of 
this  test  were  the  same  as  those  prevailing 
in  the  other  tests  on  feed  pumps  quoted  here- 
with. That  is  to  say^  the  water  fed  to  the 
boiler  was  obtained  by  actual  weights  and 
the  exhaust  from  the  pump  was  condensed 
and  weighed. 

FEED-PUMP  STEAM  CONSUMPTION 

August  30,  1912 

Make  of  pump Fairbanks- 
Morse 

Type  of  pump Duplex 

Size  of  pump 6X4X6 

Size  of  f eetl  line 

Duration  of  test 7  hours 

Steam  pn^sure  in  boiler 89.06  lb. 

Number  of  boilers  served 1 
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Temperature  of  feed  water 185.2  de- 
grees F. 

Water  fed  by  pump  to  boiler 19,520  lb. 

Steam  condensed  from  pump  exhaust, 

total 1,145  lb. 

Per  cent  of  boiler  output  used  by  feed 

pump 5.87 

Boiler  horse  power  developed  at  30  lb. 

steam  per  horse  power  per  hour 93 

Boiler  horse  power  used  by  pump  @  30 

lb.  steam  per  horse  power  per  hour 5.45 
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MODERN   TYPES   OF  PRIME  MOVERS 


THE  oKl-fashioned  portable  slide-valve 
eiifirine  mounted  upon  its  own  boiler  and 
usiil  largely  for  driving  small  temporary 
saw-niills  and  for  similar  light  service  con- 
>;;!i)i-d  in  the  neighborhood  of  8  to  10  pounils 
of  ooal  or  its  equivalent  per  brake  horse- 
1  'ow  rr  hour.  Fig.  54  illustrates  this  familiar 
^U-vioo. 

Modern  designs  of  engines  mounted  upon 
tV.eir  boilers  in  German v  are  recorded  to 
•:avo  produced  a  brake  horse-power  hour  for 
loss  tlian  one  pound  of  coal.  J^Iessrs.  R.  Wolf 
of  Mairdolnirg,  Germany,  may  be  said  to  bo 
the  oriirinal  developers  of  this  type  of  unit 
known  on  the  continent  as  the  'Mocomobilo. 
Other  European  makers  are  now  supy)lyin*]: 
the  increasing  niark(»t  for  these  remarkable 
niadiines.  It  is  stated  that  in  Germany  one 
firm  alone  lias  built  nearly  1,000,000  horse 
l)ower  of  these  units. 
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The  Locomobile 

The  locomobile  consists  essentially  of  a 
Very  efficient  type  of  condensing  or  noncon- 
densing  engine  mounted  upon  an  internally 

1 

1 

r 

ifciL.   ^li^iTV   _ 

■ 

i 

^^4 

I 

W^ 

FiQ.  54.    RBaDi.AK  Type  of  Portablb  Engine 

ired  bigh-pressnre  boiler  generating  highly 
Birperheated  steam.     The  compound-engine 
(flinders  are  jacketed  in  the  flow  of  the  hoi 
iae  gases  on  their  way  to  the  stack,  to  reduce 
(ylinder  condensation  and  radiation.     The 
Exhaust  steam  from  the  high-pressure  cylin- 
fler  passes   through   a    special  superheater 

i 
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before  returning  to  tlie  low-pressure  cylin- 
der. A  closed  feed-water  heater  returns  somo 
of  the  heat  of  the  exhaust  steam  to  the  boilor. 
A  locomobile  type  of  self-containcnl  unit  is 
now  manufactured  in  the  United  States  and 
is  known  as  the  '*Buckeyemobile.''     It  is 
made  in  sizes  from  75  horse  power  to  600 
horse  i)ower.    Fig.  55  shows  this  niacliine  in 
the    tandem   compound   conch^nsing   design. 
Fig.  56  shows  the  internal  parts  and  gives  a 
dear  idea  of  their  operation. 

As  regards  low  fuel  consumption,  the  lo- 
comobile type  of  steam  plant  conii)etes  on  an 
equal  basis  with  producer-gas  phmts  and  has 
in  its  favor  the  added  advantage  of  the 
greater  reliability  of  steam-driven  as  com- 
pared to  gas-driven  engines. 

It  is  further  of  interest  to  note  that  the 
high  over-all  efficiency  of  the  locomobile  type 
of  plant  is  obtainable  in  spite  of  an  ordinary, 
rather  than  with  the  aid  of  a  hifjh,  boiler  and 
furnace  efficiency.  If  w-e  could  apply  the 
Bone  system  of  surface  combustion  (with  oil 
or  gas)  to  the  locomobile,  its  over-all  effi- 
ciency ^  would  be  increased  by  more  than  18 

>  Effidency  of  locomobile  boiler  taken  at  70  i)or  rent  wlueh  would  ropre- 
■ent  favorable  conditiooB  of  coal  and  firing.  Efficiency  of  Bone  boiler 
taken  at  83  per  cent — see  chapter  on  Surface  Coinbuntion.    Then  gain  of 

j^3 70 

over-all  efficiency  would  be  — =jr —   -  18.0  per  cent,  and  tho  saving  of 


70 
83 
83 


g;^ 70 

fad  for  the  hudo  output  would  bo  — ^^^ —   —15.7  per  cent. 
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cent  and  for  the  same  output  a  saving  of 
I  (heat  units)  amounting  to  nearly  16  per 
t  would  result.  Moreover,  the  capacity  of 
locomobile  would  be  multiplied  by  about 
,  so  that  it  would  be  practicable  to  in- 
ise  the  size  of  the  prime  mover  to  a 
Qt  where  a  steam  turbine  would  give  econ- 
J  equal  to  that  of  a  reciprocating  engine, 
is  altogether  likely  that  development 
ig  these  lines  will  take  place  with  a  view 
ise  in  localities  where  oil  or  gas  is  avail- 
^  The  further  extension  of  this  idea  for 
\  burning  depends  upon  the  questions  out- 
d  m  the  chapter  on  Surface  Combustion, 
'hese  considerations  are  purely  prophetic 
character,  but  we  need  not  anticipate  fu- 
B  improvements  in  order  to  realize  that 
small  400  horse-power  to  600  horse-power 
>mobile  units  as  now  constructed  in  this 
ntry  equal  the  performance  in  low  fuel 
sumption  of  the  most  refined  and  largest 
tral  steam-power  stations  ever  designed, 
fact,  these  small  units  are  able  to  show 
I  economies  which  exceed  the  results  reg- 
^ly  obtained  in  highly  refined  central  sta- 
18  of  50  to  200  times  their  capacity, 
'bus  a  small  manufacturer  may  generate 
own  current  at  the  same  fuel  expense  per 
'Watt  hour  as  it  costs  the  public  utility 
poration.    This  is  omitting  any  consider- 
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ation  of  the  nse  of  exhaust  steam  when  con- 
densing water  is  available. 

The  following  test  on  a  150  horec-power 
Buckeyemobile  was  made  by  Professor  Thos. 
G.  Estep  of  the  mechanical-engineering  de- 
partment of  Carnegie  Institute.  lu  the  ec- 
amination  of  this  test  it  should  be  rem^fi- 
bered  that  it  was  on  one  of  the  smaller  sije 
machines  and  that  still  better  economy  would 
be  expected  on  a  larger  unit. 

0BSBR\'ED    AND    CALCULATED    RESULTS    OP   TEST 

Total  hL-;itinKsurf;iceoflK.ik'r.sq.  ff .  .  ,  .       350.0 
Heating  surface  in  service  during  test, 

sq.  ft 250.0 

Grate  surface,  2  ft.  6  in.  by  3  ft.  0  in.,  or 

sq.  ft 7.5 

Ratio  of  grate  surface  to  beating  surface.  1  to  33.3 

Superheating  surface,  sq.  ft 257.0 

Reheating  surface,  sq.  ft 96.0 

Size  of  engine 8J^  in.  Iq^ 

17in.byl8in. 

Rated  horse  power  of  engine 150.0 

Duration  of  trial,  horns 8.0 

Kind  of  fuel Low^rade  Pocfkhontas  nin-c^-fniiK 

Kind  of  draft induced 

Average  Pressure* 
Steam  pressure  in  boiler  lb.  per  sq.  in. 

gage 220.0 

Barometer,  inches  of  mercury 28 .  86 

Absolute  steam  pressure,  lb.  persq.  in. , .  234.1 

Receiver  pressure,  lb.  per  sq.  in.  gage 9.0 

Absolute  receiver  pressure,  lb.  per  sq.  in . .  23 . 1 
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Vacuum  referred  to  30  in.  barometery 

inches  of  mercury 25.0 

Absolute  condenser  pressure,  inches  of 

mercury 5.0 

Absolute  condenser  pressure,  lb.  per  sq.  in.  2 .  45 

Draft  in  furnace,  inches  of  water 0. 10 

Draft  in  breeching,  inches  of  water 0.31 


% 


Average  Temperatures,  in  Degrees  Fahrenheit 

Temperature  of  steam  at  throttle 595 . 0 

Saturation  temperature  at  throttle 395 . 2 

Superheat  at  throttle 199.8 

Temj)eratiure  high-pressure  exhaust 271 . 0 

Saturation  temperature  of  high-pressiure 

exhaust 235.7 

Superheat  in  high-pressure  exhaust 35 . 2 

Temperatiure  of  steam  leaving  reheater. . .  367 . 0 

Superheat  to  low-pressiure  cylinder 131 .3 

Temperature  of  low-pressure  exhaust.  . .  132.0 
Saturation  temperatiure  of  low-pressure 

exhaust 132.0 

Superheat  in  low-pressmre  exhaust none 

Temperature    of    feed    water    entering 

heater 108.0 

Temperatiure  of  feed  water  leaving  heater  126 . 0 

Temperature  of  gases  leaving  boiler .  . .  .  736.0 

Temperature  of  gases  in  breeching 419 . 0 

Temperature  of  injection  water  to  con- 
denser   96.0 

Temperature  of  overflow  from  conden- 
ser   114.8 

Temperature  of  fire  room,  approximately  80 . 0 

Flue/ias  Analysis,  in  Percentage  by  Volume 

Carbon  dioxide 11 .3 

Carbon  monoxide 0. 24 

Oxygen 5.6 

Nitrogen 82.86 


100.00 
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Miscellaneous  Averages 

Speed  of  engme,  revolutions  per  minute.  225,0 
Indicated  horse  power  in  high-pressure 

cylinder T4.1 

Indicated  horse  power  in  low-pressure 

cylinder 53.6 

Total  combined  indicated  horse  power. .  129.7 

Brake  horse  power. 125,5 

Mechanical  efficiency  of    igine,  per  cent. 
Proximate     oal  Analysis 

Moisture,  per  cent 2.21 

Volatile  matter,  per  cent 15.55 

Fixed  carbon  per  cent 69.8B 

Ash,  i)er  cent 12.35 

Sulphur,  per  cent 0,48 

UUimate  Arudysis 

Carbon,  per  cent 78.06 

Hydrogen,  per  cent 3.88 

Nitrogen,  per  cent 0.91 

Oxygen,  per  cent 3,98 

Ash,  per  cent 12.64 

Sulphur,  per  cent 0.50 

B.t.u.  per  pound  of  dry  coal 13,541 

Total  QuanHHes 

Total  water  fed  to  boiler,  lb 11,430 

Moisture  in  steam  assumed,  per  cent. , .  1,5 

Quality  of  steam,  per  cent - . .  98.5 

Total    water    actually    evaporated    by 

boiler,  lb 11,25S.5 

Factor  of  evaporation,  boiler  alone 1 .  1403 

Factor  of  evaporation,  boiler  and  super- 
heater   1.3015 

Equivalent  evaporation  from  and  at  212 

degrees  F.,  by  boiler  alone,  lb 12,838 

Equivalent  evaporation  from  and  at  212 

degrees  F.,  by  boiler  and  superheater,  lb  14,653 

Total  coal  as  fired,  lb 1,397 

Moisture  in  coal,  per  cent 2.21 
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Total  dry  coal  used,  lb 1,366. 1 

Ash  from  test,  lb 87.0 

Ash  from  test,  per  cent 6.37 

Ash  by  anal3rsis,  per  cent 12.35 

Total  combustible  (based  on  ash  from 

analysis)  lb 1,197.4 

Hourly  QuarUilies  and  Rates 

Water  fed  to  boiler  per  hour,  lb 1,428.8 

Water  actually  evaporated  by  boiler  per 

hour,  lb 1,407.3 

EJquivalent  evaporation  from  and  at  212 

degrees  F.  per  hour  by  boiler  alone,  lb.     1 ,604 . 8 

Equivalent  evaporation  from  and  at  212 
degrees  F.  per  hoiur,  by  boiler  and 
superheater,  lb 1,831 . 6 

Boiler  horse  power  developed  by  boiler 

alone 46 . 6 

Boiler  horse  power  developed  by  boiler 

and  superheater 53 . 2 

Coal  as  fired  per  hour,  lb 174 . 6 

Dry  coal  per  hour,  lb 170.8 

Combustible  per  hour,  lb 149. 7 

Water  actually  evaporated  by  boiler  per 

sq.  ft.  of  heating  surface  per  hour. ...  5.63 

Water  evaporated  from  and  at  212  de- 
grees F.  per  sq.  ft.  of  heating  surface 
per  hour,  lb 6.43 

Water  actually  evaporated  by  boiler  per 

sq.  ft.  of  grate  surface  per  hour,  lb 187 . 8 

Water  evaporated  from  and  at  212  de- 
grees F.  by  boiler  per  sq.  ft.  of  grate 
surface  per  hour,  lb 214.0 

Dry  coal  per  sq.  ft.  of  grate  surface  per 
hour,  lb 22.8 

Dry  coal  per  sq.  ft.  of  heating  surface  per 
hour,  lb 0.68 

Combustible  per  sq.  ft.  of  grate  surface 
per  hour,  lb 20.0 
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Combustible  per  sq.  ft.  of  heating  surface 
per  hour,  lb 0.6 

Economic  Results 

Water   actually'   evaporated    by   boiler 

alone  per  pound  of  dry  coal,  lb 8.25 

Water    actually    evaporated    by   boiler 

alone  per  pound  of  combustible,  lb 9.^ 

Equivalent  evaporation  from  and  at  212 

degrees  F.,  bv  boiler  alone  per  lb.  of 

dr>'coal,lb./. M 

Equivalent  evaporation  from  and  at  212 

degrees  F.,  by  boiler  alone  per  lb.  of 

combustible,  lb 10.72 

Equivalent  evaporation  from  and  at  212 

degrees  F.,  by  boiler  and  superheaters 

per  lb.  of  dr>'  coal,  lb 10.72 

E^iuivalent  evaporation  from  and  at  212 

(legrot^s  F.,  by  boiler  and  superheaters 

per  lb.  of  combustible 12.22 

Dry  coal   p)er   boiler  horse-p>ower  hour, 

lx)iler  alone,  lb 3.66 

Dr>'  coal   per  l>oiler   horsc-p>ower  hour, 

lx)ilerand  supe^rheaters,  lb 3.21 

Combustible  per  lx)iler  horse-power  hour, 

boiler  alone,  lb 3.21 

Combustible  per  boiler  horse-p>ower  hour, 

boiler  and  superheaters,  lb 2.82 

Coal  as  fired  per  i.h.p.  of  engine  per 

hour,  lb 1-35 

Dry  coal  per  i.h.p.  of  engine  per  hour,  lb. .  1  •'^lo 

Coal  as  fired  p(T  b.h.p.  of  engine  per  hour, 

lb 1.39 

Dry  coal  per  b.h.p.  of  engine  per  hour,  lb. .  1  36 

( 'onihustiblo  per  i.h.p.  of  engine  per  hour, 

lb 1.15 

Coinbu.stible  per  b.h.p.  of  engine  per  hour, 

lb 1.19 

Steam  per  i.h.p.  per  hour,  lb 11.00 
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Steam  per  b.h.p.  per  hour,  lb 

B.t.u.  in  coal  supplied  to  engine  per  i.h.p. 

hour 17,820 

B.t.u.  in  coal  supplied  to  engine  per  b.h.p. 

hour 18,420 

Efficiencies 

Heating  value  per  pound  of  dry  coal 

B.t.u 13,541 

Heating  value  per  pound  of  combustible 

B.t.u 15,500 

Efficiency  of  boiler,  furnace  and  grate, 

per  cent 

Efficiency  of  boiler,  superheaters,  furnace 

and  grate,  per  cent 

Thermal  efficiency  of  engine  based  on 

i.h.p.,  per  cent 

Thermal  efficiency  of  engine  based  on 

b.h.p.,  per  cent 

Thermal  efficiency  of  entire  unit,  per  cent 
Efficiency  of  engine  referred  to  the  Ran- 

kine  Cycle  efficiency  as  unity 

Mechanical  efficiency  of  engine,  pcT  cent 


11.38 


67.2 

76.5 

17.05 

16.50 
13.8 

60.0 
96.8 


Boiler  Heat  Balance 

B.t.u. 

Per  cent 

Heat  absorbed  by  boiler  and  su- 
perheaters per  lb.  of  combus- 
tible  

11,897.0 

31.0 

420.0 

189.0 

1 ,920 . 0 

1,043  0 

15,500.0 

76.82 

Loss  due  to  moisture  in  coal  per 
lb.  of  combustible 

0.20 

Loss  due  to  hydrogen  in  the  coal 
per  lb.  of  combustible 

2.72 

Loss  due  to  incomplete  or  CO  per 
lb.  of  combustible 

1.23 

Loss  due  to  chimney  gas(\s  per  lb. 
of  combustible 

12.28 

Radiation  and  unaccounted  k)ss(\s 
B.t.u.  per  lb.  of- combustible 

6.75 
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The  curves  charted  in  Fig.  57,  submitted 
by  the  Buckeye  Engine  Co.,  will  serve  to  il- 
lustrate the  relations  of  steam  and  fuel  con- 
sumptions at  various  loads  on  a  150  horse- 
power Buckeyemobile. 

Engineers  have  criticized  as  detrimental 
to  the  boiler  the  element  of  vibration  com- 
municated to  it  by  the  superimposed  engine. 
As  far  as  any  published  record  of  trouble 
goes  there  seems  to  be  at  present  no  evidence 
that  the  boiler  is  materially  injured  in  the 
locomobile. 

Unaflow  Steam  Engine 

The  unaflow  engine  invented  by  Professor 
J.  Stumpf  of  Charlottenburg  Hochschule 
marks  a  notable  advance  in  the  design  of 
prime  movers.  As  its  name  indicates,  the 
steam  from  its  entry  to  its  exhaust  flows  in 
only  one  direction  on  either  side  of  the  pis- 
ton. The  idea  of  the  invention  is  to  produce 
the  economy  of  a  compound  or  triple-expan- 
sion steam  engine  by  means  of  a  simple  sin- 
gle-cylinder engine,  and  this  result  has  been 
achieved.  The  working  of  the  engine  in- 
volves a  very  early  cut-off,  a  high  compres- 
sion, and  a  graduated  distribution  of  tem- 
perature from  admission  to  exhaust.  The 
engine  is  primarily  designed  for  high  pres- 
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sure  and  at  the  same  time  highly  superheat- 
ed steam,  although  remarkably  high  econo- 
mies are  obtained  with  saturated  steam,  in 
which  latter  case  the  steam  jackets  are  ex- 
tended over  a  greater  portion  of  the  cylinder. 
As  will  be  recalled  from  the  discussion  on 
steam-engine  losses  in  Chapter  VI,  maximum 
economy  is  obtained  by  dividing  the  work 
of  expansion  of  the  steam  into  several  stages 
or  cylinders,  thus  developing  the  compound, 
the  triple-  and  quadruple-expansion  engines. 
Compounding  is  eflScient  only  with  high-pres- 
sure steam,  which  for  complete  expansion  in- 
volves a  wide  range  of  temperature  from  the 
high  point  at  admission  to  the  low  point  at 
exhaust.  If  this  steam  were  expanded  all  in 
one  cylinder  this  cylinder  would  be  subject 
to  these  wide  variations  of  temperature. 
Thus  at  exhaust  the  cylinder  would  be  cooled 
to  a  point  approaching  the  temperature  of 
the  exhaust  steam.  Then  when  the  high-pres- 
sure steam. is  admitted,  owing  to  this  wide 
difference  of  temperature,  a  heavy  cylinder 
condensation  would  result.  Consequently 
compounding  was  resorted  to  so  that  the 
steam  entering  each  of  the  various  cylinders 
would  come  in  contact  with  metal  approach- 
ing its  own  working  temperature.  In  this 
manner    the    great    cylinder    condensation 


t<'iiii»criiturt-  api'iu-viuiatos  tlio  ti-iiii>.iiiturf 
of  tho  steaui  ui  tlie  cylinder  at  all  parts  of 
Uie  fltrokp,  50  that  tiit-  coiiJeusation  is  n- 
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doced  to  zero  in  best  practice  and  to  a  miiii- 
mimi  in  any  case.  Figs.  58  and  59  exhibit  side 
news  of  a  500  liorse-power  Sulzer  Brothers 
Stumpf  engine.  Fig.  60  shows  diagram- 
matically  the  constrnction  of  the  cylinder, 
piston  and  steam  ports  It  will  be  noted  that 
the  steam  enters  through  the  cylinder  bead 


and  that  the  steam  chest  so  formed  acts  as 
a  jacket  for  the  head  of  tlie  cylinder.  This 
maintains  a  maximum  temperature  at  that 
part  of  the  cylinder  where  higli  pressure  and 
only  high  pressure  is  active.  The  path  of 
the  steam,  including  its  admission,  expan- 
sion, and  exhaust  is  indicated  by  the  arrow 
in  this  figure.    The  steam  follows  through  the 
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stroke  until  the  piston,  which  is  of  special 
hollow  construction,  opens  the  exhaust  ports 
forming  a  belt  surrounding  the  cylinder. 
Thus  all  exhaust  valves  are  eliminated  and 
consequently  leakage  from  this  source  is 
reduced  to  a  theoretical  minimum. 


Courtesy  of  steam 

FiQ.  61.   Condenser  Connection  and  Indicator  Diaqramb 
SuLZER  Bros.  Stumpf  Unaplow  Engine 

A  glance  at  the  arrow  above  mentioned 
explains  the  name  of  **unaflow."  In  the  or- 
dinary reciprocating  engine  the  steam  flows 
in  two  directions  instead  of  one,  and  it  ex- 
hausts at  the  same  end  of  the  cylinder  from 
which  it  enters.  Consequently  the  exhaust 
steam  greatly  reduces  the  temperature  of 
that  portion  of  the  cylinder  with  which  the 
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incoming  hot  steam  will  be  in  contact.  This 
results  in  the  great  cylinder  condensation, 
which  frequently  amounts  to  25  per  cent  of 
the  water  consumption  of  the  engine. 

In  the  unaflow  engine  when  exhaust  has 
taken  place  the  piston  returns  covering  the 
exhaust  ports  and  inunediately  compression 
begins.  This  compression  takes  place  during 
about  90  per  cent  of  the  entire  stroke  of  the 
engine.  Consequently  the  compressed  steam 
reaches  a  temperature  about  equal  to  that 
of  the  boiler  pressure.  This  high  compres- 
sion, combined  with  the  almost  ideal  admis- 
sion and  expansion  of  the  steam,  produces 
an  indicator  card  which  approaches  the  ideal 
Camot  cycle  and  explains  the  very  high  eflS- 
ciencies  obtained  by  the  unaflow  engine. 

The  piston  is  of  special  construction  and 
is  elongated  so  as  to  act  as  an  exhaust  valve 
in  covering  and  uncovering  the  ports  sur- 
rounding the  middle  section  of  the  cylinder. 

The  clearance  in  this  engine  is  reduced  to  a 
minimum  because  there  are  no  exhaust  ports 
at  the  head  end  as  in  ordinary  engines,  and 
this  fact  results  in  adding  to  the  general  eflS- 
ciency  of  the  design.  The  condenser  is  close- 
ly connected  to  the  annular  exhaust  chamber 
as  shown  in  Fig.  61,  permitting  a  maximum 
vacuum  to  be  effected  in  the  cylinder. 

When  operating,  if  for  any  reason  the  vac- 
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nnm  breaks  the  compression  produced  iffl 
be  above  boiler  pressure,  since  the  termiiwl 
density  of  the  steam  will  be  suddenly  in- 
creased. To  take  care  of  this  emergency  the 
inlet  valve  will  lift  from  its  seat  to  relieve  the 


Courtesy  of  Steam 

FiQ.  62.    Steam  Jacketing  of  Unaflow  Enginb 

l)ressiiro  back  to  the  boilers.  When  starting 
up,  an  additional  clearance  space  may  ^ 
opened  into  the  cylinder  by  means  of  a  hand 
valve  in  order  to  y)revent  excessive  compres- 
sion until  full  vacuum  is  established.  This 
valve  may  also  be  made  to  operate  automat- 
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icallv  in  case  of  the  breakinsr  of  the  vacmim 
during  operation.  While  the  nnaflow  ensriiie 
is  primarily  designeil  to  take  advantage  of 
only  high  pressures  and  hisrh  superheat,  it  is 
also  modified  to  produce  very  high  efficiencies 
on  saturated  steam.  This  is  accomj^lished 
by  extending  steam  jackets  <as  shown  in 
Fig.  62)  so  that  they  cover  a  greater  sur- 
face of  the  cvlinder  in  accordance  with  re- 
quirements.  Thus  in  the  top  diagram  of 
Fig.  63  only  the  cylinder  heads  are  jackete«l, 
and  this  design  would  be  best  a«lapted  to 
highly  superheated  steam.  The  middle  fig- 
ure shows  the  steam  jacket  extending  over  a 
part  of  the  cylinder  beyond  the  heads,  and 
would  be  adapted  for  a  lower  temperature 
steam;  while  in  the  bottom  diagram  the  jack- 
ets extend  still  further  to  produce  economical 
operation  with  saturated  steam.  The  pur- 
pose in  any  of  these  cases  is  to  prev(»nt  cyl- 
inder condensation,  but  in  all  three  y)rovision 
is  maintained  for  keeping  tlie  high-pressure 
end  of  the  cylinder  hot  and  the  low-pressur(^ 
end  cooler,  so  that  the  steam  at  any  i)art  of 
the  stroke  is  always  at  a  lower  temi)erature 
than  the  surrounding  walls  of  the  cylinder, 
which  prevents  transferring  of  heat  from  tlio 
steam  to  the  metal.  The  unaflow  engine  is 
capable  of  very  great  overload  cai)acity  aad 
also  produces  flat  economy  curves.    In  fact, 


ftsrtxnxc  Kiwa-PLA>-r  uossis 


— m  eoDsamption  per  horse-power 
If  variations  of  load  varies  less  than 
riple-espansion  or  compound  engines. 
3ri  Stroke         4thSttoW 


] 

*  1 


Professor  Stumpf  has  applied  his  engine  to 
locomobiles  (described  in  another  section  of 
tluH  chapter),  with  highly  efficient  resufe 
and  to  locomotives  which  have  been  widely 
adopted  in  Germany,  Austria,  and  Kossia. 
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In  marine  practice  it  is  claimed  that  one 
pomid  of  coal  has  produced  an  indicator 
horse-power  hour  on  500  horse-power  en- 
gines. In  stationary  practice  these  engines 
have  heen  bnilt  in  capacities  as  high  as  8,000 
to  10,000  horse  power  and  are  in  snccessfnl 
operation*  In  this  conntry  we  may  expect  a 
rapid  growth  in  the  utilization  of  the  nnaflow 
principle^  and  one  firm  at  least  is  now  en- 
gaged in  the  manufacture  of  this  t\T)e  of  en- 
gine. The  following  test  is  taken  from  the  lit- 
erature of  John  Musgrave  &  Sons,  Ltd.,  Eng- 
lish manufacturers  of  the  unaflow  engine: 

A  test  made  on  this  engine  by  the  Elsassischen 
Verein  der  Dampfkesselbesitzer  (the  Union  of  the 
Steam  Boiler  Users  of  Alsace),  in  February,  1909, 
gave  the  following  results: — 

Power , 494  i.h.p. 

Cylinder 2534  ii^-  diameter 

Stroke 3  ft.  3  3/8  in. 

Speed 130  r.p.m. 

Boiler  pressure 178  lb.  per  sq.  in. 

Superheat 250  degrees  F. 

Vacuum  in  cylinder 26  in. 

STEAM  CONSUMPTION  PER  I.H.P.  PER  HOUR  =  10.38  L». 

With  362  i.h.p.  and  200  degrees  F.  superheat  the 
steam  consumption  was  10.55  lb,  per  i,h,p,  per  hour. 

Oil  Engines 

The  Diesel  and  the  Do  TjH  Vorgne  ropn*- 
sent  the  most  efficient  types  of  intornal-eom- 
bustion  engines  designed  to  operate  on  oil. 


SM         saBwvsnss  wnk-rs-ixr  losses 


Fig.  61.     A  Dicsei.  E.vuim: 


Both  work  on  the  four-cj-cle  principle  wiiid 
is  clearly  illustrated  by  the  diagrams  of  I 
63.     Combustion  occurs  ouce  m  every  fool 
strokes  or  every  two  revolutions,  thus: —  J 
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it  strote:  intake  of  fresh  air;  piston 
Sftveling  oatward. 

'Second  stroke:  compression  of  this  air; 
piston  moving  inward. 

Third  stroke:  injection  of  fuel  at  ilead  cen- 
tre, causing  combustion  ami  cxpansinn  of  the 


brking  stroke  with  piston  moving  outward. 
[Fourth  stroke:  expulsion  of  exhaust  gases 
■om  cylinder;  piston  moving  inward. 
[  These  events  may  bo  traced  on  the  indi- 
»tor  diagram  of  the  Diesel  engine  in  the 
"lower  part  of  Fig.  G3.  Fig.  64  illustrates 
the  Piesel  engine  and  Figs.  65,  66  and  67  ap- 
ply to  the  De  La  Vergne.     In  both  of  the 
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above  engines  the  oil  is  atomized  and  inject- 
ed into  the  cylinder  by  means  of  very  highly 
compressed  air.  But  the  essential  differ- 
ences in  their  operation  are  as  follows: 

CoMPBBBsioN.  The  Diesel  compresses  the 
fresh-air  charge  in  the  cylinder  to  460  pounds 
per  sqnare  inch ;  the  De  La  Vergne  to  about 
300  pounds. 


Fio.  67.     Db  La  Vercne  Vaporizcb 

loNmoN.  The  Diesel  depends  solely  upon 
the  temperature  of  the  compression,  about 
1,000  degrees  F.,  to  ignite  the  charge  of  oil 
*s  it  is  sprayed  into  tliis  heated  air.  The 
J^e  La  Vergne  also  makes  u.se  of  its  temper- 
O-ture  due  to  compression,  which  is  lower,  but 
do.e8  not  depend  solely  upon  this  agency.  It 
employs  in  addition  the  use  of  a  vaporizer 
*^hich  is  a  modified  form  of  hot  bulb.     This 
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serves  the  double  purpose  of  insuring  igni- 
tion and  of  completing  the  gasification  of  the 
oil  which  is  sprayed  against  its  hot  surfaces. 
This  vaporizer  is  shown  in  detail  in  Fig.  67 
and  in  its  relation  to  the  engine  at  D  in  Fig. 
66. 

Injection  of  Fuel.  In  both  engines  the  oil 
enters  the  cylinder  by  the  action  of  air  under 
high  pressure  but  small  in  volume.  The  De 
La  Vergne  injects  its  oil  instantaneously,  in 
charges  measured  out  by  a  small  oil  pump 
connected  to  the  engine  and  timed  with  its 
action.  The  Diesel  introduces  its  oil  in  a 
spray  which  continues  over  a  considerable 
period  of  time,  covering  ordinarily  one-tenth 
to  one-eiglith  of  the  stroke  of  the  piston. 

Governing.  In  the  De  La  Vergne  the  gov- 
ernor controls  by  a  cam  mechanism  the  length 
of  stroke  of  the  oil-supply  pump  and  thereby 
causes  it  to  measure  out  to  the  engine  the 
exact  amount  per  cycle  which  may  be  re- 
quired to  maintain  the  regular  speed  of  the 
engine  for  all  variations  of  the  load. 

The  Diesel  governor  regulates  the  time 
period  of  injection  according  to  load  require- 
ments. Thus  the  oil  will  continue  to  enter  the 
cylinder  as  the  piston  moves  forward  from 
dead  centre  as  far  as  say  12  per  cent  of  the 
stroke,  or  to  such  i)oint  as  may  be  required 
to  meet  the  load  conditions.     Thus  this  ef- 
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feet  of  fuel  admission  may  be  compared  to 
the  steam  admission  on  a  Corliss  engine,  and 
this  together  with  the  automatic  and  quick 
termination  of  the  admission  period  results 
in  an  indicator  diagram  which  strongly  re- 
sembles that  produced  by  this  type  of  steam 
engine. 

From  the  standpoint  of  thermal  efficiency 
alone,  highly  developed  oil  engines  of  the 
above  types  are  superior  to  any  other  class 
of  prime  movers.  Their  commercial  effici- 
ency varies  with,  and  depends  upon,  the  cost 
and  reliability  of  oil  supply,  the  size  and  cost 
of  plant,  the  character  of  service,  and  other 
determining  values  dependent  upon  local 
conditions. 

With  the  Diesel  engine  efficiencies  as  high 
as  32  to  35  per  cent  based  on  net  useful  out- 
put are  claimed.  With  an  oil  of  19,000  B.t.u. 
per  pound  this  would  mean  0.42  pounds  of 
fuel  per  brake  horse-power  hour.  The  char- 
acteristically '^flat"  economy  curve  of  this 
engine  is  shown  in  Fig.  68.  Efficiencies 
equal  to  these  both  at  full  and  at  partial 
loads  are  claimed  for  the  De  La  Vergne  en- 
gine. 

One  of  the  greatest  advantages  of  an  oil- 
engine plant  is  that  the  prime  mover  alone 
constitutes  an  entire  plant  in  itself.  Gas  pro- 
ducers or  boilers  are  eliminated,  and  atten'' 
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ance  is  reduced  except  in  very  small  uitder- 
takingSy  and  the  factor  of  reliability  of  tbeifl 
engine  approaches  that  of  the  steam  plant 
As  compared  to  the  gas.  engine  in  this  reaped 
the  oil  engine  has  two  distinct  advantages. 
The  feeding  of  its  fuel  in  accurately  xoMr 
ured  amounts  is  positive,  and  for  ignition  i 
the  charge  it  is  not  dependent  upon  electriflll 
complications  as  is  the  gas  engine.    The  n- 
liability  of  the  oil  engine  is  being  demofr 
strated  by  the  rapid  increase  of  its  applkir 
tion  for  marine  use,  where  an  important  saf* 
ing  of  space  and  weight  is  also  accomplished.  ] 

The  fuel  cost  of  power  with  an  oil  engiiw 
depends  upon  the  eflSciency,  the  load  factor 
and  the  price  and  B.t.u.  of  the  available  oil 
supply.  Conditions  representing  good  fac- 
tory practice  would  combine  load  factor,  effi- 
ciency of  engine  and  B.t.u.  of  oil  such  as  to 
produce  an  average  brake  horse-power  hour 
for  about  0.6  pounds  of  oil.  Assuming  the 
cost  of  the  oil  to  be  $0,025  per  gallon  contain- 
ing 71/^  pounds,  the  fuel  cost  per  brake  horse- 
power hour  will  be  0.025  ~  7.5  =  $0.00333 
=  33/3  mills.  If  the  oil  cost  $0.05  per  gallon 
the  fuel  cost  per  brake  horse  power  will  he 
doubled. 

For  marine  purposes  on  a  small  scale  a 
special  carburetor  has  been  devised  which 
permits  the  use  of  kerosene  in  regular  gaso- 
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line  eDgines,  thus  making  available  a  cheaper 
fuel.  This  device  has  also  been  applie<]  to 
automobile  engines.  The  idea  involved  is  the 
gasification  of  the  less  volatile  fael  by  the 
application  of  heat  famished  by  tlie  exhanst 


Fi<9.  6S.     Diesel  Fuel  Conscuftion  per  Kilowatt  Hour 
AT  Vakious  Loads 


gases  from  the  engine.  The  gas  is  then  used 
in  the  eo^ne  in  the  ordinan"  maiinor.  Tlie 
troobleaome  electric  ignition  system  is  not 
eliminated,  and  the  use  of  this  stylo  of  oil 
engine  has  received  little  if  any  encourage- 
ment for  factory  power-plant  application. 


Chaftkb   XIX 


BEPOBTS 


A  N  owner's  decision  to  have  an  investigar 
^^  tion  made  in  his  plant  is  f  recjuenfly 
brought  about  by  one  or  more  problemB  of 
specific  nature  which  require  immediate  so- 
lution. The  manner  in  which  such  a  case  is 
handled  will  often  determine  the  whole  op- 
erating economy  of  the  plant  during  many 
years  to  come,  either  for  better  or  for  worse; 
and  in  the  long  run  will  involve  either  con- 
tinuous items  of  efficiency  and  satisfaction  or 
of  waste  and  expense. 

I  have  chosen  a  case  of  this  class  by  way 
of  supplying  definite  answers  to  some  of  the 
concrete  questions  which  our  previous  more 
or  less  abstract  discussions  may  have  pro- 
voked. Owing  to  space  limitations  these  re- 
ports have  been  greatly  abbreviated.  But 
since  the  second  contains  a  comparative  rec- 
ord of  operating  economy  after  the  recom- 
mendations of  the  first  report  had  been  car- 
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^^cl  out,  it  will  be  of  particular  interest,  and 
^loye   especially   so   because   the   questions 
^^sted    are    among   those    which    confront 
^^ny  manufacturing  plants  at  the  present 
^^^^e.    Probably  no  one  case  of  investigation 
^yxd  improvement  can  be  selected  as  typical, 
^^ther  as  to  saving  effected  or  problems  in- 
volved.   The  present  instance  contains  a  suf- 
^cient  variety  of  questions,  however,  to  claim 
^t  least  the  title  of  ** average"  from  that 
point  of  view. 

The  boiler  plant  ifras  found  to  be  highly 
efficient,  an  unusual  occurrence  in  the  course 
of  my  work ;  and  cheap  fuel  was  being  used 
80  that  but  little  saving  could  be  made  at  that 
point.  Therefore,  since  practically  all  the 
economies  had  to  be  found  in  the  remaining 
departments,  the  saving  of  $5,000  a  year, 
based  on  operation  during  the  acceptance 
tests,  may  be  considered  good  under  the  cir- 
cumstances, especially  in  a  plant  of  only  400 
boiler  horse-power  rating  with  small  running 
expenses. 

The  mill  owners  were  under  pressing  need 
of  more  power  owing  to  a  rapid  growth  of 
their  business.  They  had  a  good  compound 
condensing  engine  supplied  by  two  6V2  by 
20-foot  horizontal  tubular  boilers  at  125- 
pounds  pressure,  with  usual  condenser,  feed, 
and  fire-pump  equipment.    Besides  the  steain 
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power,  they  were  purchasing  additional  eke- 
trie  current  at  2^  cents  per  kilowatt  lunff* 
The  mill  was  heated  throughout,  induding  i 
supply  for  process  work,  with  live  stesffi 
from  the  boiler  reduced  to  20-pound8  presr 
sure.  The  system  comprised  both  direct  and 
indirect  heating. 

The  management  was  progressive  and  effi- 
cient. This  briefly  comprised  the  situation 
when  I  was  called  into  consultation.  The 
problem'  in  hand  resolved  itself  into  three 
specific  questions  which  may  be  stated  as  fol- 
lows : — 

1.  Should  all  future  increase  of  power  be 
provided  by  the  purchase  of  outside  electric 
current,  leaving  the  steam  plant  to  furnish 
its  present  amount  of  power? 

2.  Should  the  use  of  the  present  steam- 
power  plant  be  discontinued  entirely,  and 
all  the  machinery  of  the  mill  be  driven  by 
purchased  current?  In  this  event  the  power 
company  oflfered  a  rate  of  two  cents  per  kilo- 
watt hour. 

3.  Should  the  mill  throw  out  all  purchased 
current  and  make  its  own  power  exclusively, 
increasing  its  plant  equipment  for  this  pur- 
pose? If  so,  what  style  of  plant  would  best 
meet  these  conditions? 

In  order  to  determine  these  questions  in- 
telligently, it  was  necessary  first  to  know  at 
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^hat  cost,  all  charges  included,  the  present 
steam  plant  was  making  power.  This  could 
^ot  be  learned  without  an  investigation  as  to 
the  amount  of  live  steam  used  for  heating, 
since  this  item  would  directly  determine  that 
portion  of  the  boiler-plant  overhead  and  la- 
t>or  expenses  which  would  be  chargeable  ex- 
clusively to  heating.  Special  tests  for  this 
purpose  were  planned  and  conducted. 

It  was  also  desired  to  learn  at  what  cost 
per  kilowatt  hour  all  the  power  could  be 
^nade  with  added  and  improved  steam  equip- 
ment. 

Since  a  large  portion  of  this  item  would 
be  inversely  proportional  to  the  amount  of 
power  required  during  the  year,  special  tests 
were  made  in  order  to  obtain  the  twenty- 
four-hour  load  curves  both  of  the  present 
engine  and  of  the  power  furnished  by  the 
purchased  current. 

The  results  of  all  the  tests  that  were  made 
both  on  the  steam  and  electric  power  were 
carefully  checked  up  with  the  company 's  rec- 
ords of  cost  for  fuel,  labor,  repairs,  interest 
charges,  and  expenditures  for  the  purchased 
current.  This  is  a  most  essential  procedure 
in  all  investigating  work,  in  order  that  the 
total  power  output  per  year  may  be  accurate- 
ly obtained  to  insure  substantial  correspond- 
ence of  factory  records  with  the  actual  test 
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results,  and  to  obtain  a  math^natioally  oor- 
rect  figure  on  the  increase  in  steam  reqmn- 
ments  during  the  winter  months.   This  irod 
involves  a  thorough  acquaintance  with  te 
methods  employed  by  the  book-keeping  de- 
partment of  the  business  and  a  niost  ca^reM 
analysis  of  the  data  on  record.    It  has  to  be 
remembered  that  the  head  book-keeper  does 
not  pretend  to  be  an  engineer,  and  his  data 
usually  require  the  most  painstaking  Bxaif 
sis  by  the  investigator  in  order  to  divide  the 
expenses  into  the  particular  items  applicable 
to  the  work  in  hand. 

In  this  instance  the  available  records  wet^ 
unusually  complete  and  clear,  and  it  was  pos- 
sible to  save  much  time  in  this  part  of  tb^ 
work.  There  was  no  difficulty  in  enlisting 
the  interest  and  help  of  the  power-plant  op^ 
erating  force,  and  this  fact  proved  of  great 
value  in  arranging  for  and  conducting  the 
various  tests  which  are  recorded. 

For  convenience  to  the  executives  of  a 
business  I  set  down  my  recommendations  and 
findings  in  a  condensed  form  at  the  head  of 
my  report,  so  that  the  gist  of  the  matter 
may  be  found  within  a  few  pages.  The  rec- 
ords of  all  tests  and  the  complete  data  to  sub- 
stantiate these  conclusions  are  then  given  in 
full  and  properly  indexed  for  quick  refer- 
ence.    Other  matters   than  those   outlined 
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^ere  also  taken  up  in  these  reports,  but  many 
of  them  are  omitted  for  tlie  sake  of  simpli- 
fication and  of  direct  dealing  with  the  prin- 
cipal problems  involved. 

A  little  story  connected  with  these  reports 
^hich  are  to  follow  does  not  appear  within 
their  pages.    Before  I  was  called  in,  one  of 
the  large  electric  manufacturing  companies 
^as  requested  to  send  an  engineer  to  make 
*^  examination  of  the  power  situation  at  the 
'^ll  for  the  purpose  of  reporting  recommen- 
dations to  suit  the  case  in  hand. 

This  they  did,  and  their  report  called  for 
^^  expenditure  for  steam  and  electric  ap- 
paratus, which  they  specified,  amounting  to 
^,000. 

My  report  for  accomplishing  the  desired 
^^8ult,  which  was  put  into  efTect,  called  for  an 
^titlay  of  only  $7,000,  inclu<ling  installation, 
^ith  this  diflFerence:  my  plan  y)r()vi(led  for 
the  utilization  of  exhaust  steam;  their  plan 
did  not.  In  the  execution  of  the  a(l()pte<l  plan 
the  electrical  machinery  was  purcliased  from 
this  same  company,  but  my  client  save<l 
$33,000  in  first  cost,  ^fany  morals  might  be 
drawn  from  this  little  incident,  but  their  de- 
duction may  as  well  be  left  to  the  rea<ler. 

As  far  as  possible  in  these  reports  I  have 
omitted  those  sections  of  each  which  appear 
to  be  treated  in  the  other  to  a  sufficient  ex- 
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tent  to  inform  the  reader,  at  least  by  im- 
plication, of  all  the  important  features  un- 
der examination. 

The  net  dividend  on  the  investment  of 
$7,000  was  found  to  be  over  $5,000  per  year, 
as  show^n  in  the  second  report,  thus  produc- 
ing returns  to  my  clients  of  71i/>  per  cent  per 
annum  on  their  outlay  of  capital. 
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OBJECT  AND   METHOD   OF  INVESTIGATION 

The  principal  object  of  the  tests  made  at  this 
plant  was  to  determine  the  following  questions: — 

1.  Wotdd  it  be  economical  to  discontinue  the 
present  steam-power  plant  and  buy  all  the  power 
required  to  run  the  mill,  at  the  rate  of  2  cents  per 
Jdlowatt-hour? 

2.  Would  it  pay  to  continue  the  present  steam 
plant  for  present  requirements  (as  now  carried  by 
said  plant)  and  depend  upon  purchased  electric 
pK)wer  for  all  additional  requirements  and  for  in- 
crease of  power  at  2J/^  cents  per  kilowatt  hour? 

3.  Would  it  pay  for  this  plant  to  discontinue  buy- 
ing electric  power  and  enlarge  the  present  plant  to 
make  all  the  power  required;  and  if  so,  what  kind 
of  equipment  would  best  suit  the  local  conditions 
for  highest  commercial  efficiency? 

The  following  tests  furnished  basic  information 
in  the  investigation  and  determination  of  these 
questions: — 

a.  Day  and  night  loads  on  the  boiler  plant. 

b.  Day  and  night  loads  on  the  engine  plant. 

c.  Day  and  night  loads  on  the  purchased  electric 
power. 

d.  The  efficiency  of  boiler  plant  and  engine  plant, 
both  separate  and  combined. 

e.  The  amount  of  steam  or  boiler  horse  power  re- 
quired for  heating  and  mill-process  work  as  compared 
to  the  steam  used  in  the  engine. 

f.  The  costs  of  evaporation  both  with  the  usual 
mixture  of  dust  and  slack,  and  with  slack  alone. 

g.  Comparison  of  electric  versus  shafting  and 
belting  drive  from  present  engine,  etc. 

The  method  of  testing  was  to  take  conditions 
exactly  as  found,  the  engineer  and  fireman  l)eing 


516  ParTEXTlXG  P«»mT3^-PULXT  LOSSES 

asked  to  contmoe  their  dmies  m  every  way  exactly 
as  thou^  the  writer  was  not  on  the  prenuses.  A 
constant  effort  was  made  to  maintain  these  actud 
working  and  noi  U^i  coadixkms, 

COXCLCSIOK 

The  final  result  of  this  investigaticm  has  shown  in 
a  very  decided  manner  that  \be  most  economical 
solution  is  for  this  plant  to  make  all  its  own  power 
and  discontinue  buying  electric  power. 

Present  Plant — The  present  oigine  plant  is  mak- 
ing power  at  the  rate  of  S0.0132  per  kilowatt  per 
hour,  oven  when  the  engine  is  running  below  its 
normal  capacity.  If  the  engine  is  speeded  up  10  per 
ront  aiul  run  at  an  average  of  300  horse  power,  a 
kilowatt,   hour   would   be   produced   for  $0.00971. 

Cost  per  Kilowatt  Hour. — These  costs  include 
«U  oharjsos  against  power,  such  as  depreciation, 
iulon^st,  oiHTating  and  fuel  cost,  all  ha\'ing  been 
Iv^mnI  \mi  actual  tests  and  data  from  the  company's 

Addiii\\nal  Power. — It  has  been  shown  by  special 
Uvvts  auvi  v*\Muputation  submitted  herewith  that  this 
iv.-iut  can  install  a  new  electric  generator  set  and 
uv^ko  all  tho  t^Uvtric  power  now  purchased  (at  2^ 
sVUtN^  for  :^>.l)r2:iS  per  kilowatt  hour  \^ith  the 
prwxout  Kvul  and  for  alwut  $0,009  when  this  load 
r\\*iv*hi\^  l»lHH>  kilowatt  hours  per  day.  This  is  based 
U|HM\  tho  utilization  of  one-half  of  the  exhaust 
sti\»uu  fr\MU  the  now  unit,  a  safe  figure  borne  out  by 

Saving,  .\ctually,  however,  the  utilization  of  ex- 
haust steam  will  reduce  tho  f^iel  per  kilowatt  hour 
to  lean  than  om^half,  so  that  the  above  costs  may 
be  considortHl  jus  high  figures.  There  will  be  a  sav- 
ing of  at  least  1.20  cents  per  kilowatt  hour  at  the 
present  light  load,  which  amounts  to  $7.34  a  day 
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^hen  using  the  present  amount,  i.  c,  582  kilowatt 
hours  a  day  (average  working  days,  1908).^ 

There  will  be  a  charge  of  50  cents  a  day  for  de- 
preciation and  interest  on  new  exhaust  apparatus, 
^xuJdng  the  net  saving  $6.84  a  day  or  $2,052  a  year 
^f  300  working  days,  with  the  present  light  load. 

The  addition  of  the  unit  reconunended  will  in- 
^^itase  the  present  engine-plant  capacity  about  50 
Per  cent. 

Future  Saving. — ^With  the  rapid  growth  of  the 
plant  now  predicted  it  is  safe  to  state  that  about 
1,000  kilowatt  hours  per  day  will  soon  be  required 
instead  of  the  582  kilowatt  hours  now  purchased 
ftom  the  A.  <fe  S.  Power  Co.  When  this  occurs, 
your  new  unit  will  be  making  a  kilowatt  hour  for 
Bbout  $0,009  as  above  stated,  thus  saving  (0.025- 
0.QD9)  =0.016  per  kilowatt  hour  over  the  A.  &  S. 
Power  Co.'s  rates.  This  is  $16  per  day  or  $4,800 
per  year.  Or  if  the  interest  on  heating  apparatus 
be  deducted,  the  net  saving  will  be  $4,650  per  year. 

The  saving  will  be  still  greater  as  time  goes  on 
and  the  load  increases. 

As  an  investment,  based  on  the  estimated  saving 
a  year  hence,  this  company  would  receive  4,650  -f- 
8,000  =  58  per  cent  net  returns,  all  charges  taken 
into  account. 

RECOMMENDATIONS 

Continue  Present  Engine. — Continue  the  present 
steam  plant  and  increase  the  available  power  by 
speeding  engine  up  10  per  cent,  i.  e.,  to  95  revolu- 
tions per  minute. 

Overhaul  Engine. — Have  the  engine  thoroughly 
overhauled  and  tuned  up  to  reduce  the  steam  con- 
sumption. 

'Thia  power  consumption  incrcascrl  to  1,070  kilowatt  hours,  thus  show- 
inc  a  correspondingly  greater  saving  as  per  second  invotstigation  after 
noommeodations  were  carried  out. 


-L  annie   r.iE»  -saipxe  ad  guMiJtor  iei  tor 

JK  infr  i»iwp?  ^nu*  i!*f3isv:3xa:  st  to  be  nm  it 
3ucxr  fflit  iEa:iil7  il  "Uf.  isy  ismt  csrcpt  vfaoi  the 
iuint  OL  lie  TTam  ^acjot  is  rsBmng  Terr  G^ 
]£iif  -mii.  3i«*«-  i«  if  1^>4aisvsns  imsednpanty. 
j^  fcniiiL  ihaL  TOL  JR  -ntf  jL*iiKSLi  kttd  at  about  OM- 
txhtl  if  i&  3a!*£  th^c*?.  inAHt  «^«jd  give  an  extra 
IM  idinviKs  if  snoaltiit  p(^K«r  for  increasiiig  the 


'T^ni.  mn;  ^niu£  bs^  ^  a^  skvv  speed  as  poeable 
*^  3L  73e  TK!icr<:»jni:t>i  vc  IS  to  130  rendutioBS. 


. — il  3S  ivrammended  that  the 
•asuoKn  {ceuL  frv:.iBi  izj^  c£3i  be  used  in  the  present 
Ttyamnr  is.  ^aii  il  liat  ^oBLUsnpbxed  new  heating 
fi£L  5:r  bfA;r^  &Z  rikrt<  off  tbe  mill,  and  also  in  a 
iH^  in*!  iijrfr  :ee>-TA:;«rr  beiier  for  raising  the 


Tacoxan  Srsaem. — A  vAc-j-jm  return-line  s\-5tem 
2*  r^:±r»-i  *:.:•  c^r  pffv:»prr  circulation  of  the  ex- 
iA:2>T  ^irAzr.  ii.  Tb^  fazi  c«c*ils.  By  extending  this 
Ts*:-^^!!.  5]r?T^r:i  \o  the  oSce  radiator?  *  this  engine 
i::2?i  ocelli  te  uf«ed  in  heating  the  office  as  well. 


Hlglbt  Man. — It  is  recommended  that  a  good  man 
lie  put  on  at  night  when  the  new  engine  is  installed 
to  ]*>:•£  after  same,  and  also  to  take  charge  of  the 
boilers.  Such  a  man  would  probably  save  10  to  20 
per  cent  of  coal  for  the  same  production  of  steam  as 
at  present. 

Bank  One  Bofler  at  Nig^t— With  the  small 
amount  of  steam  used  at  night  at  the  present  time 
the  boilers  are  run  at  only  about  17  per  cent  of 
their  rated  power.  Even  if  it  is  not  thought  ad- 
\Tsable  to  shut  oflF  the  steam  from  one  boiler  at 


I  Both  direct  and  indirect  heating  were  employed. 


•v 
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^ght,  one  fire  should  be  banked,  and  the  damper, 
fijre-doors  and  blower  tubes  kept  tightly  closed. 
Thus  by  making  a  single  boiler  do  the  whole  work 
the  rate  of  combustion  would  be  doubled,  a  higher 
fire-temperature  would  be  maintained,  and  less 
superfluous  air  would  get  through  the  grates  to 
<5ool  the  boilers.  This  would  result  in  a  substantial 
saving. 

Separator  and  Receiver. — The  new  engine  should 
have  its  steam  pipe  fitted  with  a  combination  re- 
ceiver and  separator  to  supply  the  engine  with  dry 
steam  and  a  uniform  pressure.  It  would  also  tend 
to  prevent  vibration  of  the  steam  line. 


Steam  for  Mill  Requirements 
three  tests 

TEST  NO.  1 

Rough  Preliminary  Test 

Evaporation  of  No.  1  boiler  when  supplying  mill 
requirements  alone,  main  engine  being  cut  out. 
Test  made  in  afternoon. 

Date. Oct.  14,  1909 

Duration,  hours 4 

Pounds  evaporated 12,200 

Pounds  evaporated  per  hour 3,050 

Steam  gage,  pounds 120 

Temperature  of  feed  water,  degrees  F . .  161 

Factor  of  evaporation 1 .  0969 

Equivalent  evaporation  per  hour 3,353 

Boiler  horse  power  developed 97 . 2 

Rated  horse  power  of  boiler  at  12  sq.  ft .  207 
Percentage  of  boiler  horse  power  de- 
veloped   47 
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TEST  NO.  2 

Second  test  on  No.  1  boiler  when  snqiplymg 
requirements  only. 

Date Oct  15, 

Duration,  hours 8 

Pounds  evaporated 22,050 

Pounds  evaporated  per  hour 2,7St 

Steam  gage,  pounds. 110 

Temperature  of  feed  water,  degrees  F .  161 

Factor  of  evaporation 1.0951 

Elqui valent  evaporation  per  hour 3,017 

Boiler  horse  power  developed 87.5 

Rated  horse  power  of  boiler 307 

Percentage  of  boiler  horse  power  de- 
veloped   42.J 

In  this  test  No.  1  boiler  was  shut  off  fromft^ 
engine  by  the  usual  valves  for  the  purpose  butw* 
not  blanked  off  with  flanges.  Outdoor  tempe^^ 
ture  at  8  a.m.  was  46  degrees.  At  3  p.ni«  ^ 
63  degrees.  The  heating  load  during  this  tert^ 
as  follows:  Four  felt  dryers  were  on  all  dayiP*^ 
of  the  office  steam  on.  Two  coil  dryers  were  oji 
but  scouring  room  and  big  fan  were  off  during  tw 
test. 

TEST  NO.  3 

Test  No.  3  on  steam  used  in  mill  line,  steaff^  ^ 
bhnked  off  to  mill  only. 

Date Oct.l8,l9W 

Duration  of  test  {9,35  a.m. — 6.05  p.m.) 

hours 7}4 

Average  steam  pressure,  pounds 110 

Average  temperature  of  feed  water,  jtaj^l^ 

grees  F .^^HBlfiS 

Factor  of  evaporation 982 

Total  water  evaporated,  pound?  ^ 

Water  ted  per  hour,  pc  ^ 
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Water  evaporated  per  hour  from  and 

at  212 6,150 

Average  boiler  horse  power  developed .        178 . 3 

Maximum  boiler  horse  power  developed 

(1  horn-) 229 

Minimum  boiler  horse  power  developed 

(1  hour). 140 

Rated  horse  power  of  boiler 207 

Percentage  rated  horse  power  devel- 
oped (average).. 86. 2 

On  this  day  4,000  pounds  of  wool  were  scoured, 
(on  some  days  6,000  pounds  are  scoured)  and  all 
heating  apparatus  was  on  (except  part  of  the  office 
steam)  including  the  large  fan  and  the  scouring  room. 

During  this  test  an  estimate  of  the  horse  power  was 
made  each  hour  and  found  to  be  approximately  as 
follows: 

Horse  Power 
to  Mill 

9.35—10.35 140 

10.35— 11 .35 229 

11.35—12.35 178 

12.35—  1.35 152 

1.35—  2.35 • 197 

2.35—  3.35 190 

3.35—  4.35 165 

4.35—  5.05 178 

The  weather  was  warm,  with  rain  all  the  after- 
noon. 

STEAM  USED   AT  NIGHT 

A  test  of  thirteen-hours  duration  was  made  from 
6  p.m.  to  7  a.m.  to  determine  the  amount  of  steam 
made  at  night  which  is  entirely  consumed  for  heating 
purposes. 

Both  boilers  were  run  as  usual  and  fireJ  by  the 
night-watchman. 
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Results  of  Test 

Date Nov.  3  &4, 1909 

Duration,  hours 13 

Water  evaporated,  pounds 28,764 

Water  evaporated  per  hour,  pounds.  2,213 

Temperature  of  feed  water,  degrees  F  164 

Steam  gage,  pounds 105 

Water  evaporated  from  and  at  212 

degrees,  pounds 2,434 

Coal  of  usual  mixture  consumed, 

approximately,  pounds 4,850 

Water  per  pound  of  coal — approx- 
imately, pounds 6 .  93 

Water  per  pound  of  coal  from  and  at 

212  degrees  (f  =  1 .  1004)  pounds.  6 .  52 

A verage  boiler  horse  power  developed . .  70.6 

Rated  horse  power  of  boilers 414 

Per  cent  rated  horse  power  devel- 
oped   17.2 

Owing  to  running  the  boilers  at  only  17.2  per  cent 
of  their  normal  rated  capacity  the  consumption  of 
fuel  is  way  out  of  proportion  to  the  production  of 
steam.  If  a  single  boiler  could  carry  the  night  load 
the  combustion  would  be  improved  and  less  coal 
would  be  burned. 

To  check  up  the  results  two  tests  on  the  flue  gases 
were  made  which  showed  3  per  cent  to  3J^  per  cent 
of  CO2.  This  simply  means  that  several  hundred 
per  cent  excess  air  is  admitted  to  the  fire  owing  to 
the  large  percentage  of  unused  or  dead  grate  surface. 

This  test  does  not  show  what  the  maximum  night 
heating  requirements  may  be,  as  the  outside  tem- 
perature was  only  43  degrees  at  midnight,  and  the 
large  fan  was  run  only  7}^  hours  out  of  the  13  hours 
of  the  test.  The  data  and  results  of  tests  on  No.  1 
boiler  are  given  on  pages  523  to  529.  For  con- 
venience of  typographical  arrangement  the  flue-gjis 
analysis  precedes. 
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BOELER-FIANT  CAPACITT 

Tbe  nonnal  rating  of  each  of  the  horizontal  tubular 
boikrs  is  207  boiler  horse  power.  This  rating  pro- 
vides 12  square  feet  of  water-heating  surface  per 
horse  power.  (Two  boilers  =  414  rated  horse  power.) 
A  bcnler  horse  power  means  the  evaporation  of  34}^ 
pounds  of  water  into  steam  at  atmospheric  pressure 
from  a  feed-water  temperature  of  212  degrees  F. 

With  the  prevailing  conditions  as  to  temperature 
of  feed  water  and  boiler  pressure  at  this  plant,  tbe 
factor  of  evaporation  is  1 .097,  so  that  it  takes  31.5 
pounds  of  water  actual  weight  at  this  feed  tempera- 
ature  to  produce  a  boiler  horse  power.  (That  is, 
31.5  X  1.097  =  34.5.) 

It  is  good  practice  to  force  boilers  of  this  type  50 
per  cent  above  normal  rating,  so  that  (150  per 
cent  X  414  horse  power)  =  622  boiler  horse  power 
may  be  had  if  required. 

The  engine  consumed  19.32  pounds  of  steam 
(water)  per  horse  power  per  hour,  whereas  in  this 
plant  a  lx)iler  horse  power  is  31.5  pounds  of  water. 
Therefore  under  these  conditions  an  engine  horse 
power  is  19.32  -r-  31.5  =  61.4  per  cent  of  a  boiler 
horse  power. 

If  therefore  the  engine  were  speeded  up  and  were 
to  operate  at  300  horse  power  continuously,  it 
would  require  only  61.4  per  cent  of  300  =  1S4.2 
lx>iler  horse  power.  This  would  leave  for  process 
work,  heating,  or  additional  power  622  —  184  =  438 
boiler  horse  power.  Now  actual  tests  on  steam 
required  at  this  time  (October  and  November)  of 
year  for  heating  and  mill  processes  showed  70  boiler 
iiorse  power  at  night  and  from  87.5  boiler  horse 
power  and  97.2  boiler  horse  power  to  178.3  boiler 
horse  power  average  loads,  and  for  a  single  hour 
ran  up  to  229  boiler  horse  power. 

Suppose  in  the  ^vinte^  time  the  mill  requirement 
should  be  just  double  the  highest  average  obtained 
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in  the  highest  test,  i.e.,  2  X  178  =  356 . 6  boiler 
horse  power.  Suppose  at  the  same  time  the  engine 
is  takmg  its  maximum  of  184.2  boiler  horse  power, 
then  the  total  extreme  maximum  requirements 
would  be  184.2  +.356.6  =  640.8  boiler  horse 
power.  Ehren  under  these  conditions  there  would 
still  be  622  —  541  =  81  boiler  horse  power  available 
for  any  purpose  desired. 

BOILER-PLANT  EFFICIENCY 

During  the  day  run,  when  a  greater  proportion  of 
coal  is  burned,  this  plant  is  operating  at  very  high 
efficiency — considerably  higher,  in  fact,  than  the 
average  factory  boiler-plant.  This  high  efficiency 
'^y  be  attributed  principally  to  the  combination 
of  small  grate-surface  and  good  grade  of  cheap  an- 
^^ite,  mixed  with  enough  slack  to  make  it  free- 
burning,  and  to  good  handling  of  the  fire,  together 
^^h  the  system  of  forced  draft  in  use. 

Average  boiler-plant  efficiency  will  not  as  a  rule 
'^  over  from  61  to  64  or  65  per  cent,  and  in  many 
J?8e8  will  be  found  as  low  as  55  per  cent,  and  some- 
times as  low  as  50  per  cent. 

Boiler  efficiency  simply  means  that  percentage  of 

"le  available  heat  in  the  coal  which  is  converted  into 

^^ul  steam.    At  this  plant  this  efficiency  in  a  day 

fH^  Was  determined  under  regular  working  condi- 

pons,  and  was  found  to  be  7lVio  per  cent.     This 

^.  ^Usually  good  when  it  is  considered  that  the 

Plant  was  operating  at  only  a  little  over  one-half 

^S  pormal  rated  capacity.     That  is,  in  the  two 

f^ciency  tests  made  one  boiler  developed   106.8 

ib!^  power  and  120.5  horse  power  as  compared  to 

-formal  rating  of  207  horse  power. 

^^I'ough  test  was  made  to  determine  the  economy 

j^p  ^  present  system  of  blowers  for  producing  forced 

J^^J**     These  tests  would  give  only  approximate 

^te,  but  at  the  same  time  would  be  a  close 
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enough  AeA  to  show  whether  any  great  waste  ii 
going  on  at  this  point.  The  writer  has  made  tests 
on  three  different  steam-induced  draft  applianees, 
these  tests  all  being  made  in  the  same  manner,  aod 
the  system  found  here  has  givm  apparently  better 
results  than  «ther  of  the  othw  two  referred  to. 

The  amount  of  steam  consumed  in  the  blower  iriien 
it  is  on  at  its  full  capacit>%  that  is,  two  nozzles  of 
'/k  inch  diameter,  would  be  in  the  neighborhood 
of  6  boikr  horse  pow«r  per  hour  for  each  blower. 
This  would  be  12  horse  power  for  two  nozzles  which 
constitute  a  blower  for  one  boiler.  Under  these 
conditions  a  singje  boiler  would  be  developing  prob- 
ably in  the  neighborhood  of  400  horse  power,  so 
that  the  percentage  of  steam  used  by  the  blower 
conasting  of  two  nozzles  would  be  3  per  cent  of  the 
bcnler  output. 

Additional  test^  were  made  during  the  efficiency 
tests.    The  steam  from  a  nozzle  connected  up  sim- 
ilarly to  the  nozzles  of  the  draft  appliance  was  in- 
serted in  a  barrel  of  water  and  the  condensation  was 
weighed.     The  end  of  the  nozzle  was  inserted  the 
same  distance  lielow  the  surface  of  the  water  OvS  there 
were  inches  of  draft  pressure  produced  in  the  ash- 
pit.    The  result  of  this  test  gave  approximateh  0-^ 
of  a  boiler  horse  power  per  hour,  which  di^^de(^^^' 
107.2,  the  horse  power  developed  by  the  l)oiler,  gi^'^ 
a  consumption  of  0.38  of  1  per  cent  as  the  amo^ 
of  steam  used  by  the  lx)iler  when  the  latter  is  r^^ 
at   about   one-half  its   capacity.     This  percenti^S^ 
would  increase  when  the  draft  is  on  a  greater  p^^ 
of  the  time. 

The  flue-gas  analj^ses  made  during  the  efficient- 
test  gave  an  excellent  check  on  the  results  obtained 
These  gas  analyses  show  a  very  high  degree  of  cort^^ 
bustion  and  an  excellent  regulation  of  the  a:^ 
supply  under  the  light-load  conditions.  The  araoua 
of  grate  surface  used  at  this  plant  is  very  small  com' 
pared  with  what  is  usually  found  for  burning  poo^ 
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grades  of  anthracite.  The  usual  ratio  of  water- 
heating  surface  to  grate  surface  would  be  about 
40  to  1,  whereas  in  this  plant  the  ratio  is  66.25  to  I. 
This  is  good  practice  as  long  as  sufficient  capacity 
can  be  obtained,  but  it  is  quite  possible  that  under 
future  conditions  it  will  be  necessary  to  enlarge  this 
grate  surface  by  increasing  the  length.  This  can  be 
regulated  according  to  requirements.  (This  change 
was  made  later  on  when  more  steam  was  needed.) 

An  efficiency  test  was  also  made  burning  slack 
bituminous  coal.  The  result  was  only  64.2  per  cent 
efficiency  as  compared  to  71.1  per  cent  with  the 
anthracite  coal.  The  cost  of  evaporation  with  the 
bituminous  coal  alone  was  $0.1473,  as  compared  to 
$0.1133  for  the  dust.  (The  grates  and  furnace  are 
not  adapted  to  soft  coal.) 

The  actual  calorific  values  of  these  two  coals 
were:  mixture  five  parts  dust  to  one  part  slack, 
12,011  B.t.u.  available  heat,  and  for  the  slack  as 
found  in  the  test,  12,673  B.t.u.  available  heat. 
Now  a  ton  of  2,000  pounds  of  the  mixture  costs  $2.00 
at  the  fire-room,  whereas  the  bituminous  costs 
$2.48  for  2,000  pounds.  If  the  bituminous  coal  were 
burned  at  an  efficiency  equal  to  that  obtained  in  the 
mixture  test,  the  cost  of  evaporation  with  the  bitu- 
minous coal  would  still  be  13.3  cents  as  compared 
to  11.3  cents  for  the  mixture  of  dust  as  tested. 

In  conclusion  the  writer  would  state  that  this 
plant  has  unusual  value  in  the  quality  and  price  of 
coal  as  used.  Also  the  thermal  efficiency  of  the 
plant  is  high  owing  to  the  equipment  and  operation, 
as  above  described.  Combination  of  these  two  fac- 
tors results  in  very  low  cost  for  evaporation.  For 
purpose  of  comparison,  a  plant  in  Worcester  which 
has  improved  combustion  apparatus  and  is  running 
at  a  higher  thermal  efficiency  than  this  plant  has 
to  pay  $3.75  for  coal,  and  the  consequent  cost  for 
evaporation  runs  about  15  cents  per  thousand 
pounds  as  compared  to  11.3  cents  at  this  plant. 
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POWER-PLANT  OPERATING  COST8 

(Not  Including  Purchased  Power) 
For  the  Year  1908 


A— Total    Light,    Heat    and 

Power  Acct 

Including  Labor   (engineer, 

day;    fireman,    day    and 

night) 
Labor  of  repairs 
Labor  of  maintenance 
Labor    of    maintenance    of 

motors 
(24  days  each  month) 

B — Siipplii^ 

Inohuiing    oil,    waste,    fuel 
i,S;V21)l.dust;  $911,  slack; 
$4,112.  fuel  total),  repair 
supplies,  etc. 
V24  daj's  each  month) 


Aug.  1M9 
$197.39 

Sept.  1909 
$175.62 


Aug.  1909 
$465.80 

Sept.  1909 
$365.21 


Fhu-s  of  actual  opeiation  in  1908,  263. 

.\von\ge  dav  cost  for  1908,  actual  operating  days, 
$27.iV0. 

Total  opt-rating  cost  1908,  $7,158. 

The  fuel  therefore  costs  4,112  ■¥  7,158  =  57.3 
|HT  oinit  of  total  operating  costs.  This  includes 
ideating. 

15  |HT  (vnt  depreciation  and  interest  on  $20,000 
pl;u\t  =  $^^.000  year  to  add  to  the  above  costs. 

Inohuiing  depreciation  and  interest,  the  fuel  cost 
is  4.112  -^  10,158  =  40.5  per  cent  of  total  cost  of 
o^vrating  plant  for  heat  and  power. 
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COAL  USED,  AUGUST,  1909 


Dust 


Slack 


August  1909 

Sept.  1909 


120  tons— $229.56 
125  tons— $237.50 


24  tons— $57.70 

25  tons— $60.00 


PURCHASED    CURRENT,  YEAR    1908 

C — ^Light $209.74 

August  1909— $11.87 
Sept.  1909    —  16.01 

Power 3,819 .  84 

August  1909— $304.08 
Sept.  1909    —  275.80 

Average  day  cost  purchased,  based  on  actual  days 
operation — 

Power $14.52 

Light 0.80 


COST  OP  POWER  WITH  PRESENT  PLANT 

From  a  boiler  test  made  for  the  purpose  it  was 
found  that  a  5  to  1  (by  weight)  mixture  of  anthracite 
dust  and  slack  costing  $2.00  a  short  ton  at  the  fire- 
room,  would  give  under  working  conditions  an  evap- 
oration of  8.06  pounds  less  0.38  per  cent  used  by 
blower  =  8.03  pounds  water  evaporated  per  pound 
of  coal  under  actual  conditions. 

From  an  all-day  engine  test  under  actual  working 
conditions  it  was  found  that  19.32  pounds  of  water 
(steam)  was  required  per  indicated  horse  power  per 
hour.  Therefore  one  indicated  horse-power  hour  con- 
sumes 19.32  -=-  8.03  =  2.407  pounds  of  $2.00  coal. 
Hence  the  coal  cost  of  producing  one  indicated  horse- 
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power  hour  is  (2.407  -^  2,000)  X  2.00  =  $0.002407. 
Adding  10  per  cent  to  thiiB  figure  for  stand-by  losses 
gives: 


I— Fuel  cost  per  indicated  horse  power 
per  hour S0.002648 

DEPRECIATION  AND   INTEREST  CHARGES   ON   THE 

STEAM   ELANT 

Appraising  the  plant,  including  boilers,  settings, 
chimney,  engine  foundations,  piping,  and  buildings, 
at  their  cost  of  $20,000  and  charging  5  per  cent  (a 
generous  allowance  for  depreciation  and  interest) 
gives  a  yearly  charge  of  $3,000. 

Now  from  tests  made  for  the  purpose  it  was  found 
that  the  heating  of  the  mill  and  process  work  alone 
required : 

Heating  and  Alill-Process  Work 

Day,  178  X  11  =  1,958  boiler  horse-power  hours 
Night,  70  X  13  =     910      " 

Total  heating  and 
process 2,868  boiler  horse-power  hours 

Engine  Power 

172  i.  h.  p.  X  11 

(hours)  =  .  .  . .  1,892  engine  horse-power  hours 
(19.32  ^  31.5)  X 

1,892  = 1,162  boiler  horse-power  hours 

2,868  heating  alone 


Total  boiler  out- 
put = 4,030  boiler  horse-power  hours 

Hence  the  proportion  of  steam  used  for  power  is 
1,162  -=-  4,030  or  28.8  per  cent  of  the  steam  produced 
'i  the  boiler  plant.    Therefore  only  28.8  per  cent  of 

iler-plant  charges  should  be  made  to  the  engine. 

e  appraisal  of  the  boiler  plant,  building  and  stack 
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is  $13,000  and  the  engine  plant  and  building  $7,000. 
Therefore  the  depreciation  and  interest  chargeable 
to  power  production  alone  is  28.8  per  cent  of  15  per 
cent  of  $13,000  plus  15  per  cent  on  $7,000. 

15  per  cent  of  $7,000 $1,050 

28.8  per  cent  of  15  per  cent  of  $13,000. . .      562 

Total  Depreciation  and  interest  to  power  $1,612 

per  year 
With  300  working  davs  this  would  be  1,612  -^ 

300  =  $5.38  a  day 

In  the  alMlay  engine  test  the  average  indicated 
horse  power  developed  for  1 1  hours  was  172.8,  so  that 
172.8  X  11  =  1,901  indicated  horse-power  hours 
were  produced. 

It  is  obvious  that  the  depreciation  and  interest 
cost  per  horse  power  is  inversely  proportional  to  the 
niunber  of  horse-power  hours  produced,  so  that  in 
taking  172.8  horse  power,  a  low  average,  the  resulting 
horse-power  cost  will  be  on  the  safe  side,  that  is  to 
say,  sufficiently  high. 

$S  ag 
n — ^The  Depreciation  and  Interest  Charge  is 

=  $0.00283  per  indicated  horse-power  hour. 

The  Operating  (charges  are: 

Total  operating  charges  based  on  actual  days 
operation  in  year  1908  and  also  in  August,  1909  (the 
September  operating  charges  were  less  than  August 
with  the  same  numi)er  of  operating  days),  =  $27.60 

Now  the  cost  of  coal  included  in  "Total  Operating 
Charges"  amounts  to  $4,112  -r-  7,158  or  57.3  per  cent 
of  these  charges.  Hence  daily  operating  charges  less 
fuel  are: 

100  per  cent  —  57.3  per  cent  =  42.7  per 
cent  of  $27.60 $11.78 
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By  analyzing  this  charge,  it  is  evident  that  not 
over  half  is  chargeable  to  the  engine  plant. 
$11.78  -7>  2  =  $5.89  =  daily  c^rating  charge 
to  engine  power  and  %5JSd  -r-  1901  » 

m — Operating  Cost  per  Indicated    Horse-power 

Hour  =  SaoosogS 

Charges  per  Indicated  Horse-Power  Hour 

I— Fuel  cost $0.002648 

II — Depreciation  and  interest 0.002830 

III— Operating  (less  fuel) 0.003098 

IV— Total  Cost  pa*  Indicated  Hdrse- 

power  Hour S0.008576 

Now  a  kilowatt  without  consideration  of  losses  is 
equal  to  IJ3  horse  power.  But  in  converting  from 
indicated  horse  power  to  current  at  the  generator 
terminals,  an  allowance  for  engine  friction  and 
djTiamo  loss  makes  it  necessary  to  multiply  the  indi- 
cated horse-power  cost  by  1.54  to  get  the  cost  of 
an  effective  kilowatt  hour. 

V— Cost    of     EflFective    Kilowatt    Hour    (1.54  x 

$0.008576)  =  $aoi32 

COST  PER  KILOWATT  HOUR  IF  300  INDICATED  HORSE 

POWER  WERE  DE\'ELOPED  CONTINUOUSLY  ON  THE 

DAY  RUN  INSTEAD  OF  172  INDICATED  HORSE 

POWER  AS   FOUND 

300  indicated  horse  power  X  11  (hours)  =  3,300 
indicated  horse-power  hours. 

Coal  per  indicated  horse  power  would  remain  sub- 
stantially the  same  if  the  engine  is  speeded  up  10  per 
cent  and  run  at  21  per  cent  overload  to  produce  300 
horse  power.  Under  these  conditions  and  if  the 
engine  is  overhauled  and  tuned  up,  the  same  steam 
consumption  per  horse  power  is  a  fair  assumption. 
Hence: 
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I'^^^a.^  Cost  per  Indicated  Horse  Power  per  Hour 

<=  S0.002648 

*-^^^reciation  and  Interest.    The  conditions  now 
^^^d  be: 

^^^  boiler  plant  produces 

*^or   heating   and 

mill  work 2,868  boiler  horse-power  hours 

*or  the  engine  11 

X  300  X  (19.32 

■5-31.6) 2,024     "  "  " 

•''otal  boiler  horse- 
Power  hours. .  .4,892 

*^^^e  consumes  2,024  -f-  4,892  =  41.4  per  cent  of 
^'ie  total  boiler  output, 
enc^  depreciation  and  interest  chargeable  to  engine 

!^  Per  cent  of  $7,000  a  year $1,050 

*^  -4  per  cent  of  15  per  cent  of  $13,000  a 
year 807 

Total  yearly $1,857 

"^^  is  1,867  -5-  300  =  $6.19  a  day,  and  divided  by 
»^Oo  horse-power  hours  gives: 

^depredation  and  Interest  per  Indicated  Horse- 
power  Hour  =  $0.001876 

^/^'^e  daily  operating  charge  of  $5.89  to  engine  is 
IT    ^^me  as  when  only  172  horse  power  was  developed. 
^I^^e  for  300  indicated  horse  power  or  3,300  indi- 
^^  horse-power  hours 

Operating  Charge  per  Indicated  Horse-power 
Hour  IS  $5.89  -r  3,300  =  $0.001785 

jj^^JXJuning  up  items  I,  II  and  III,  the  total  cost  of 
*^^Ucing  an  indicated  horse-power  hour  would  be: 
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I — FiiA  ;«r  izhficited  borse-power 


SO.0Q2M8 

IVorm&iktt   and    interest   per 

iiii>r:^«Mi  hors^^-power  hour. .  0.001876 
"J^rtffinc    ««4    per    indicated 

rbour 0.001785 


S0.006309 

riw  rw^  7i?r  fficrij^  hlc^iraXf  hour  1*  then  (mutopl!! 
?«  :  i"^  ftLf  ^T":  .T  ;^*f  tkan  one  eent  per  Anlouwtt 
HfHr 

>  ir-  ii»fr;6:rf  Sf-Teraiiaed  that  under  actual  coO" 
uo.TK-  •niS'  Tiaj::  i>  ""^-irvng  it^  own  power,  including 
id  rJiactjr^w  5:c  JIX0IS2  per  kilowatt  hour  as  com- 
T:u-*i:  Vr-  *:.  O^;-  to  JClOiD  per  kilowatt  hour  for 

^      ;rt      ;*'»  >♦  '.J    7i;.?irC    '  <    rZt'ti'it'':    \p   10  pCT  CCflt  Q^^ 

•  .t-^-i?'-    .•;    r«    r*'-'^'>»>    /  >*  f "  *  :^<y  p':»\r^T  on  the  d^y 
s  x  a   •-■  ::>o.£i::^*j:  irr.  prt:?<r:j  engine  plant. 
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\.t  .;.-.:.-^,  »x  -^^iis  -:A-:t-  xi  the  main  engine  to 
n  •  -!  .  : V  *  •  .7 i.v '  u :  •  i  -  s  r<^"  >:  w>  r  o ver>"  1 5  niin- 
i;-^  «.:v-  ■-  :.■*«'.  •  *•.  >  ::ir-:  ir.-i  f-fl  tvn>iiniption  aDtl 
;.!\  -  •  1-    .!•    \}  \  ■•«<•>  r  >.^-^^<.  iv  wv T  p^T  houT  unJcf 

y  r     v>  r*^ '->><.     xvl-r  N-.\  1  w^-s  ot^nnectt^l  and 
*i.-.:  V   *   .1*     V-. -^^itv  :o  :J.t^^  tcxine  with  it ^  con- 

.V:-                                                  -    -     tVt.  2o.  1909 
^.>.;-»   vtt  "  X*  j^  32U  to  ^.tX^  p.  m.  -  . .      10.5  houn: 
>:j|^-ttv*  ^umtmfi   ^  ^ 10.417  hours 
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Steam  pressure * 118  lb. 

Vacuum  of  condenser 26  inches 

Temperature  of  feed  water 161  degrees 

Temperature  of  injection  water 54  degrees 

Temperature  of  water  leaving  con- 
denser    84  degrees 

Maximum  indicated  horse  power 218 

Minimum  indicated  horse  power  (at 

noon  hour) 95 

Average  indicated  horse  power 172.8 

Rated  h.  p.  of  engine  at  86  r.  p.  m.. .  225 

Average  indicated  horse  power  divi- 
ded by  rated  h.  p 76.8  per  cent 

Steam  used  per  indicated  horse  power 
per  hour  under  factory  conditions, 
including  steam  to  condenser  and 

receiver 19.32  lb. 

Total  steam  used  in  10.5  hours 34,795  lb. 

Total  steam  used  per  hour  (10.417). .  3,340  lb. 

(For  cost  per  indicated  horse-power 
hour  see  ''Cost  of  producing  power 
with  present  equipment.'^ 

CAPACITY 

In  later  tests  a  card  showing  265  indicated  horse 
power  was  taken  from  the  engine.  This  was  at  the 
heaviest  part  of  the  day  load,  when  the  lighting 
generator  was  on.  This  was  the  heaviest  load 
obtained,  although  the  indicators  were  kept  on  the 
engine  for  more  than  a  week.  It  seems  quite  possible, 
however,  that  the  engine  may  at  times  carry  loads  up 
to  300  horse  power  as  claimed  by  the  engineer,  espe- 
cially when  the  mill  is  working  up  to  the  full  capacity 
on  heavy  grades  of  stock. 

This  engine  may  therefore  be  considered  as  doing 
its  full  duty  as  regards  load. 
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Electric  Pdwer.    Cost  of  IhkiQg  Yersos  Bi^inc 

To  take  care  of  full  motor  load  now  purchased — 
day  91  horse  power,  68  kilowatts,  ni^t  109  horse 
power.  81.7  kilowatts.  It  would  be  well  to  put  in 
a  90-kilowatt  generator  set.  It  would  operate  at 
times,  for  short  periods,  at  as  low  as  10  -s-  90  =  one- 
ninth  capacity  but  on  the  average  at  about  27  -s- 
90  ="  about  one-third  normal  rating.  If  all  the 
motors  which  run  at  one  time  should  happen  to 
carry  their  full  rated  load,  then  the  90-kilowatt 
generator  set  would  also  work  at  nearly  normal  full 
load,  and  would  in  addition  provide  for  temporary 
overloads  as  high  as  25  per  cent,  i.  e.,  up  to  112.6 
kilowatts. 

The  l>est  economy  with  such  an  arrangement  for 
displacing  the  present  purchased  electric  power 
would  be  to  nm  this  unit  non-condensing  and  utilize 
the  exhaust  st^^ani  from  siime  in  the  present  heating- 
fan  coils,  in  the  proposed  new  fan  coils,  in  a  feed- 
water  heater,  and  also  for  heating  the  office.  In 
warm  weather  when  the  exhaust-steam  heating 
became  h^ss  than  25  per  cent  of  the  steam  produced 
by  the  engine,  the  engine  should  be  run  condensing. 

For  purpos«»s  of  comparison  with  purchased  elec- 
tric power  the  most  disadvantageous  conditions  will 
be  assumed,  i.  e.,  the  exhaust  not  utilized  at  all  and 
engine  run  nun-condensing.  Further,  the  engine 
n-ill  be  assumed  to  be  a  simple  Corliss  of  125  revo- 
lutions. 

The  average  water  consumption  would  l)e  high 
under  these  variable  conditions  of  load  and  will  be 
put  at  30  pounds  per  indicated  horse-power  hour. 

Under  these  conditions  the  fuel  cost  per  indicated 
horse  power  per  hour  would  l)e  30  -^  8.03  =  3.736 
pounds  of  ?2.00  coal.  That  is  (3.736  -^  2,000)  X 
S2.00  =  S0.(K)3736  per  horse  power  per  hour;  or  this 
equals  $0,001)35  for  coal  per  kilowatt  hour  (at  1.7 
indicated  horse  power  =  1  kilowatt  at  switchboard). 
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I— Fuel  Cost  per  Kilowatt  Hour  (1.7  X  $0.003736) 
non-condensing  and  with  no  exhaust  utilized  = 
$0.00635. 

The  depreciation  and  interest  chargeable  against 
this  new  unit  would  be  only  the  charges  against  the 
new  investment.  To  be  on  the  safe  side  call  the 
investment  $8,000  to  cover  changes  in  engine  room, 
foundations,  piping,  engine,  generator,  exciter, 
switchboard,  wiring  and  all  possible  expenses. 
$8,000  X  15  per  cent  =  $1,200  per  year  -^  300  = 
$4.00  per  day. 

Dividing  this  by  the  present  small  load  of  582 
kilowatt  hours  per  day  of  24  hours  we  shall  have  as 

n — Maximum  Depreciation  and  Interest  with 
present  load  btused  on  an  investment  of  $8,000, 
($4.00  -5-  582)  =  $0.00688. 

Maximum  Depreciation  and  Interest  based  on 
probable  future  load  of  1,000  kilowatt  hours, 
($4.00  -r-  1,000)  =  $0.00400. 

Now  the  operating  cost  outside  of  fuel  stated  in 
(I)  would  not  be  increased  except  for  oil  and  waste 
and  half  the  time  of  a  night  man  who  would  attend 
to  the  boilers  as  well.  The  oil  and  waste  would  be 
more  than  balanced  by  the  saving  in  coal  by  the 
employment  of  the  night  man.  Hence  the  added 
operating  cost  properly  changeable  against  the  new 
unit  will  be: — 

m — operating  Cost  per  Kilowatt  Hour 

based  on  present  load  (1.165  ^ 

582) $0.00201 

Operating  Cost  per  Kilowatt  Hour 
based  on  probable  future  load  of 
1,000  kilowatt  hours  per  24  hours 
(1.165 -^  1,000) $0.001166 
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Summary  of  Costs  for  Proposed  New  Unit  Per 
Kflowatt  Hour  with  Present  Electric  Load 


I — Fuely  with  14  exhaust  utilized  the 
vear  round,  a  safe  estimate  based  on  tests 
and  data  of  the  investigation — 55  per  cent 
of  total  steam  chargeable  to  engines 
(0.55  X  $0.00635) $0.00549 

II — Interest  J  Depreciation,  etc.,  based  on 
present  load  of  582  kilowatt  hours  per  24 
hours 0.00688 

III — Operating  Charges  based  on  present 
load— 582  kilowatt  hours 0.00201 

Total  per  kilowatt  hour $0.01238 

Per  Slilowatt  Hour  witb  Probable  Future  Load 

I — Fuel  with  ^  2  exhaust  utilized,  55  per 
cent  of  steam  chargeable  against  engine 
(Goo  X  SO. 00625) $0.00349 

II — Interest,  Depreciation,  etc,  bascKi  on 
1 ,000  kilowatt  hours  per  24  hours 0 .  00400 

III — Operating  Charges  based  on  1,000 
kilowatt  hours 0.00116 

Total  per  kilowatt  hour $0 .  00865 

These  figures  do  not  include  the  use  of  a  condenser 
in  the  warm  months. 

Furthermore,  as  the  plant  grows  the  kilowatt- 
hour  cost  will  decrease  below  the  above  figures,  and 
the  constantly  increasing  use  for  exhaust  steam  will 
still  further  reduce  the  cost  of  power  from  this  unit. 

Electric  Power  Required 

From  the  bill  for  electric  power  for  the  year  1908, 
$3>8l0.8-t  ---  263  working  days  =  $14.52  a  day. 
At  2^2   "  ^er  kilowatt  hour,   the  amount   of 
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power  purchased  must  have  been  1,452  -5-  2.5  = 
582  kilowatt  hours  a  day  on  the  average.  Based 
on  a  20-hour  working  day  for  the  motors,  this  would 
mean  an  average  continuous  power  of  582  -^  20  = 
29.1  kilowatts. 

An  all-night  test  of  the  electric  load 

gave  an  average  load  of 21.5  kilowatts 

A  minimum  load  of 10  " 

A  maximum  load  of 31.3         " 

Test  made  in  the  day  time  (nine  hours)  showed  the 
load  to  vary  from  1.64  at  noon  and  9  kilowatts  at 
other  times  to  37  kilowatts.  The  average  for  eight 
hours  (excepting  noon)  was  32.5  kilowatts.  Still 
another  test  showed  as  high  as  52.5  kilowatts  in  the 
day  time. 

Figuring  on  the  rating  of  the  motors  would  give 
possible  normal  motor  loads  as  follows: 

Horse  Horse 

Day  Time       Power  Night  Time      Power 

Machine  shop  motor  7  Fulling-room  motor .    75 

Scouring  motor ....  35  Heating-fan  motor. .     30 

Heating  fan 30  Power-piunp  motor.       4 

Power-pump  fan ...  4 

Spinning-room  fan. .  15 


91  109 

(or  68.3  kilowatts)  (or  81.7  kilowatts) 

The  average  electric-motor  load  may  be  considered 
at  present  as  about  30.2  kilowatts. 

Day-time  test  (9  hours)  large  heating 

fan  not  on,  average  load  was 30.2  kilowatts 

The  possible  maximum  according  to 

rating  of  motors  on  in  day  time ....  68.3 
Large  fan  motor  in  test  consumed 

about 13 

(The  belt  was  slipping  so  this  power 

is  below  normal) 


t{ 


tt 
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Night  average  electric  load 21.5  kilowatts 

The  possible  maximum  according  to 

rating  of  motors  on  at  night 81.7         " 

Note:    The  fulling-room  is  run  by  engine  in  day 
time  and  attached  to  75  horse-power  motor  at  night. 
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OBJECT  OF  TESTS 

The  object  of  the  following  tests  was  to  deter- 
mine the  present  cost  of  generating  power  under 
the  new  conditions;  and  further  to  compare  the 
present  costs  with  those  obtained  when  the  plant 
was  tested  in  October  and  November,  1910,  following 
which  test  recommendations  were  made  covering 
certain  changes  which  are  now  in  operation. 

The  principal  changes  that  were  recommended 
and  adopted  were  as  follows: — 

1 — Install  a  120  horse-power  simple  Corliss  engine 
with  generator  to  displace  about  30  kilowatts  of 
purchased  electric  power  and  to  provide  60  kilo- 
watts for  taking  care  of  increases  in  machine  load 
as  added  from  time  to  time. 


REPORTS  547 

2 — Install  a  first-class  vacuum  system  and  utilize 
the  exhaust  steam  to  heat  the  mill  instead  of 
live  steam  then  in  use. 

3 — Speed  up  the  main  engine  in  order  to  increase  its 
capacity. 

CONDENSED  RESULTS  OF  THE  INVESTIGATION 

Present  Cost  of  Power. — Under  present  condi- 
tions the  total  cast  of  making  power,  including  all 
charges,  with  the  main  engine  is  S0.01043  per  kilo- 
watt hour  delivered  on  the  bus  bars. 

The  result  of  installing  the  new  Corliss  engine  with 
a  90-kilowatt  generator  has  been  to  displace  electric 
power  formerly  purchased  at  the  rate  of  S0.025  per 
kilowatt  hour  and  to  make  this  power  a  tthe  rate 
of  $0.00937  per  kilowatt  hour  when  the  output  is 
1,000  kilowatt  hours  per  day,  the  present  low  aver- 
age. 

From  tests  that  have  been  made  it  was  found  that 
over  one-half  the  exhaust  steam  produced  by  this 
new  unit  is  utilized  in  place  of  live  steam  fonnerly 
used,  based  on  a  year-round  consumption.  But  in 
the  above  cost  deduction  only  one-half  the  heat  in 
the  exhaust  has  been  credited  to  the  (»ngine. 

It  is  of  sp(»cial  note  that  the  above  cost  is  being 
produced  under  disadvantageous  conditions.  That 
is  to  say,  the  new  engine  was  designed  to  run  on  120 
pounds  boiler  pressure.  As  a  matter  of  fact,  the 
test  was  made  with  only  74  pounds  steam  pn^ssure 
at  the  engine.  It  is  my  opinion  that  a  reduction  in 
steam  consumption  of  the  engine  of  10  pcT  cc^nt 
would  be  made  by  operating  with  120  pounds  st(»ain 
pressure  instead  of  74  pounds  as  at  present,  now 
that  the  load  has  sufficiently  increased  to  prevent 
valve  and  regulation  difficulties. 

It  will  be  further  noted  that  the  above  costs  per 
kilowatt  clos(»ly  agree  with  those  predicted  in  the 
writer's  report  made  in  the  fall  of  1909. 
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The  X  heating  system  with  Y  valves  has  given 
satisfaction  according  to  report  of  the  superintendent 
and  engineer,  and  has  resulted  in  the  advantage  of 
being  able  to  heat  the  buildings  with  exhaust  steam 
where  live  steam  was  formerly  and  exclusively  used. 
It  has  also  been  possible  by  means  of  the  vacuum 
system  to  apply  exhaust  steam  to  other  purposes 
where  live  steam  was  formerly  employed.  With  the 
use  of  the  X  system  no  back  pressure  is  required  in 
order  to  provide  circulation  of  steam  in  the  heating 
system. 

Both  power  and  heating  requirements  have  been 
largely  increased  since  the  writer's  visit  in  1910. 
The  power  comparison  may  be  stated  as  follows  on  a 
basis  of  24-hours  output: 

Kilowatt  Hours 

Main  engine,  1910 1,150 

Main  engine,  1912 1,600 

Increase  of  power  on  main  engine    450  or  39 

per  cent 
Old  Albany  Southern  power  1910    666 
New     engine     power     displacing 

above,  1912 1,070 

Increase 404  or  61 

per  cent 
Increase  of  power  ba^ed  on  totals: 

Former  power 1,816 

Present  power 2,670 

Increased  power 854  or  47 

per  cent 

As  a  practical  check  on  the  above  results  the 
following  figures  from  the  Company's  books  may 
be  quoted:  With  the  47  per  cent  increase  of  power 
as  above  shown,  the  heating  requirements  of  the 
mill  have  also  })een  increased  at  least  50  per  cent 
owing  to  the  large  additions  that  have  been  made, 
which  additions  are  very  largely  exposed  to  the 
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weather  and  contain  a  very  great  percentage  of 
window  space. 

Day  Cost — As  a  check  on  statements  otherwise 
derived  the  following  may  be  quoted:  The  total  day 
operating  cost  of  power,  heat  and  light  for  1910 
was  $25.40.  For  the  seven  months*  operation  of 
the  new  system  with  about  50  per  cent  increase  of 
power,  heat  and  light,  the  day  cost  was  $30.60, 
showing  an  increase  of  $5.20  a  day,  which  is  equal 
to  20.5  per  cent  increase  of  operating  cost. 

Savings. — The  work  of  the  new  engine  and  gen- 
erator from  a  recent  reading  is  1,070  kilowatt  hours 
per  day,  and  this  load  is  continually  increasing.  At 
the  old  rate  of  23^  cents  this  would  cost  $26.75  per 
day. 

The  present  cost  with  new  engine  for  the  same 
power  as  above  is  1,070  X  $0.00937  =  $70  per  day, 
thus  making  a  saving  of  $16.75  per  day  or  $5,025 
per  year.  This  is  a  conservative  figure,  since  the 
power  requirements  are  increasing  steadily  with  the 
installation  of  new  machinery,  and  the  use  of  ex- 
haust steam  is  also  growing. 

If  you  had  accepted  the  offer  of  the  electric  power 
company  to  supply  all  your  power  at  the  rate  of  2 
cents  per  kilowatt  hour  instead  of  adopting  the  plan 
recommended  in  the  first  report,  your  total  power 
expense  would  be  $8,010  a  year  more  than  it  is  at 
present.  That  is  to  say,  you  would  be  paying  for 
2,670  kilowatt  hours  per  day  at  a  2-cent  instead  of  a 
1-cent  rate. 

A  larger  operating  charge  than  is  truly  propor- 
tional has  been  made  against  the  new  engine  in 
order  to  be  on  the  safe  side  in  the  estimates  of 
savings  accomplished.  Otherwise  the  predicted  and 
actual  costs  for  power  under  the  new  system  will 
be  seen  to  agree  closely  by  comparing  the  original 
report  with  the  present  one. 

The  saving  due  to  speeding  up  the  main  engine 


550  PREVENTINQ  FOWSB-PLANT  lOSBEB 

may  be  considered  as  equal  to  the  extra  poirar  to 
provided  compared  to  purchasing  this  power.  Qa 
the  basis  of  a  safe  estimate,  as  elsewhere  calculated 
in  this  report,  this  saving  amounts  to  at  least  $450 
per  year. 

The  total  savings  from  these  two  changes  are 
therefore  $5,025  +  $450  -  $5,475  per  year.  If  $150 
per  year  be  deducted.as  interest  charges  cm  changes 
to  heating  system,  the  net  saving  is  S5,325  per 
annum.  The  net  interest  or  dividend  on  investment 
is  5,325  -^  (7,000  +  1,000)  -  66.5  per  cent. 

PLAN  OF  TESTS 

Test  No.  1. — ^The  fuel  cost  of  the  main  ei^ne 
per  horse  power  and  per  kilowatt  hour  was  obtamed 
in  ja  4V^hour  nin  by  measuring  the  water  fed  to  the 
single  boiler  which  was  connected  to  supply  ,steam 
to  this  engine  alone.  The  water  was  measured  in 
barrels  calibrated  by  weighing.  Indicator  cards 
were  taken  periodically  throughout  the  test  together 
with  switchboard  readings  showing  electrical  output 
at  the  bus  bars. 

Test  No.  2. — The  fuel  costs  of  the  new  simple 
non-condensing  engine  were  obtained  in  a  separate 
test  of  three  hours'  duration  in  the  same  way  as  in 
Test  No.  1. 

Test  No.  3. — ^The  total  steam  produced  by  both 
boilers  under  present  conditions  was  obtained  by 
making  a  capacity  test  on  the  two  boilers  at  the  same 
time,  all  water  fed  being  measured  in  the  calibrated 
barrels  and  all  necessary  readings  being  taken. 

During  this  test  a  record  was  kept  of  the  electrical 
output  of  each  engine,  from  which  figures,  and  from 
the  steam  per  kilowatt  hour  determined  in  Tests 
Nos.  1  and  2,  it  was  possible  to  learn  what  proportion 
of  the  total  steam  generated  in  the  boilers  is  con- 
sum(»d  by  the  engines  and  by  the  mill  respectivdy 
under  working  conditions  in  cold  weather. 
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EJlectrical  Testing. — In  addition  to  the  above 
work  the  electrical  installation  was  inspected  and  the 
meters  were  tested  for  accuracy.  Following  this,  a 
report  was  made  on  electrical  conditions  as  found, 
together  with  certain  recommendations  for  im- 
provement. 

NEW  ENGINE — STEAM  PRESSURE 

Owing  to  the  light  fractional  load  at  one  time 
carried  by  the  new  engine  it  was  necessary  to  install 
a  pressure-reducing  valve.  The  day  load  has  now 
increased  to  a  point  where  this  reduced  pressure  (75 
pounds)  is  unnecessarj'^  and  furthermore  is  wasteful 
of  steam. 

I  would  therefore  recommend  by-passing  enough 
steam  from  the  mill  line,  by  means  of  the  present 
by-pass,  to  build  up  the  pressure  in  the  engine  line 
to  115  pounds.  This  will  increase  the  horse  power 
of  the  engine  more  than  50  per  cent,  give  it  a  much 
earlier  cut-oflf,  and  make  a  material  reduction  in 
the  consumption  of  steam. 

At  night  or  at  times  when  there  may  be  too  light 
a  load,  the  by-pass  valve  can  be  closed  and  the 
engine  operated  through  the  reducing  valve. 

EFFECT  OF  SPEEDING   UP  MAIN   ENGINE 

The  effect  of  speeding  up  the  main  engine  may  be 
stated  in  terms  of  dollars  as  follows: 

Present  output  of  main  en- 
gine, per  day 1,600  kilowatt  hours 

Former   output    173    horse 

power  equal  to,  per  day. .  1,150  kilowatt  hours 

Per  cent  increase  in  load ...      39  per  cent 

Although  a  part  of  this  39  per  cent  could  have  been 
added  to  the  former  load,  it  would  not  have  been  good 
or  economical  practice  to  have  added  more  than  30 
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per  cent  at  the  former  speed.  Hence,  a  mimimnm 
estimate  of  the  power  gained  by  speeding  up  may  be 
considered  as  equal  to  about  10  kilowatt  or  100  kilo- 
watt hours  per  day  which  would  have  otherwise  to  be 
purchased  at  23^  cents  or  made  by  the  new  engine. 
But  considering  this  as  a  separate  proposition,  the 
saving  can  be  safely  estimated  at  1.5  cents  per  kilo- 
watt hour,  or  $1.50  per  day,  or  $450  per  year. 

Test  No.  1.    Main  Engine  and  Generator 

Engine:  Knowlson  &  Kelly  14 J^  X  26 J^  X  36, 
97  to  100  r.  p.  m.,  cross-compound  condensing,  belt- 
connected  to  a  18i3-kilowatt  alternating-current  gen- 
erator, 240-volt,  3-phase,  25-cycle 

Date  of  test Jan.  20,  1912 

Duration  of  test 4J4  hours 

Boiler  pressure  by  gage,  average.  . . .     109.4  lb. 

Vacuum  by  gage,  average 25.7  inches 

Receiver  pressure  (variable) 9  to  20  lb. 

Temperature  of  feed  water  (for  test 

only) 89  degrees 

Maximum  kilowatt  reading  on  bus 

bars 180 

Minimum  kilowatt  reading  on  bus 

bars 125 

Average  kilowatts  per  hour 155 

Average  indicated  horse  power  per 

hour 232.5 

Actual  weight  of  steam  per  kilowatt 

hour.  . 29.14  1b.- 

Actual  weight  of  steam  per  indicated 

horse-power  hour 19.43  lb. 

Indicated  horse  power  per  kilowatt  on 

bus  bars 1.5 

Rated    capacity   of   engine   at    100 

r.  p.  m 300 

Percentage  of  rated  capacity  devel- 
oped (232.5  ^  300) 77.5  per  cent 
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Coal  per  kilowatt  hour  on  bus  bars. .  3.63  lb. 
Coal  per  indicated  horse  power  per 

hour 2.421b. 

Fuel  cost  per  kilowatt  hour $0.00363 

Fuel  cost  per  indicated  horse-power 

hour $0.00242 

Note:  The  fuel  cost  of  making  steam  in  the  boilers 
is  taken  from  tests  made  in  October  and  November, 
1910.  This  is  done  as  no  change  which  would  affect 
this  cost  has  been  made  in  the  boiler  plant. 

DEPRECIATION  AND   INTEREST  CHARGES 

No  increase  of  these  charges  has  occurred  since 
Report  of  1910,  and  referring  to  that  report,  it  will 
be  seen  that  the  total  amount  was  $3,000  per  year  on 
the  whole  steam  plant. 

Now  from  data  obtained  it  is  determined  that 
70  per  cent  of  the  maximum  boiler  output  is  re- 
quired for  purposes  other  than  the  main  engine. 
(See  former  report.)  A  greater  proportion  of  steam 
is  now  used  for  heating. 

Depreciation  and  interest  of  boiler  plant 
chargea]>le  to  main  engine  per  year  is  30 
per  cent  X  (15  per  cent  X  13,000)  =  . .    $585.00 

Depreciation  and  interest  on  engine  plant, 

15  per  cent  X  7,000 1,050.00 

Total  depreciation  and  interest  charged  to 

main  engine  per  year $1,635.00 

Total  depreciation  and  interest  charged  to 

main  engine  per  day $5.46 

Taking  the  average  output  of  the  main  en- 
gine set  at  1,600  kilowatt  hours  we  have: 

Depreciation  and  interest  charge  per  kilo- 
watt hour  on  main  engine  set  ($5.46  -t- 
1,600) $0.00341 


i 
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OPERATING  CHARGES 

Total  operating  charges  based  on  actual 
days  operation  from  June  1  to  Dec.  31, 
1911,  i.  e.,  7  months  of  average  tempera- 
ture, during  which  time  the  new  power 
system  was  in  operation  (fuel  expense 

deducted)  per  day $12.02 

By  analyzing  this  item,  it  is  found  that 
Expense  chargeable  to  engine  room  (both 

engines)  is,  per  day 8.00 

Operating  charge  to  new  engine  per  day. . .  2.58 

Operating  charge  to  main  engine  per  day. .  6.42 

Operating  charge  to  main  engine  per  lalo- 

watt  hour,  5.42  -^  1,600 SO.00339 

Collecting  the  three  cost  items  before  deter- 
mined, we  have: 

PER   KILOWATT  HOUR 

1 — Fuel  cost  per  kilow^att  hour S0.00363 

2 — Depreeiation  and  interest  charges..   0.00341 
3 — Operating  charge  except  fuel 0.00339 

Total  cost  per  kilowatt  hour $0.01043 

Total  cost  per  indicated  horse-power 

hour $0.00696 

Test  No.  2.    New  Engine  and  Generator 

Engine:  Knowlson  &  Kelly  14  X  30,  126  r.  p.  m. 
(during  test);  simple  Corliss,  non-condensing,  belt- 
connect  c^d  to  a  90-kilowatt  alternating-current  gen- 
erator, 240-volt,  3-phase,  60-cycle 

Date  of  test Jan.  20,  1912 

Duration  of  test 3  hours 

Steam  pn»ssure  low  side  of  reducing 

valve 74  lb. 

Temperature  of  feed  water  (for  test 

only) 53  degrees 
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Maximum  kilowatt  reading  on  bus 
bars 64.4 

Minimum  kilowatt  reading  on  bus 
bars 46.0 

Average  kilowatts  per  hour 60.3 

Indicated  horse  power  i>er  kilowatt. .     1.6 

Average  indicated  horse  power  per 
hour 96.6 

Actual  weight  of  steam  per  kilowatt 

hour 48.1  lb. 

Actual  weight  of  steam  per  horse- 
power hour 30.0  lb. 

Rated  capacity  ^  of  engine  at  75  lb. 
initial  pressure  and  126  r.  p.  m. 
at  25  per  cent  cut-oflf 100  horse-power 

Percentage   of   this    rated    capacity 

developed 96.6  per  cent 

Coal  per  kilowatt  hour 5.98  lb. 

Coal  per  indicated  horse-power  hour     3.74  lb. 

Fuel  cost  per  kilowatt  hour $0.00598 

Fuel  cost  per  indicated  horse-power 
hour $0.00374 

Note:  The  cost  of  making  1,000  pounds  of  stean> 
is  taken  from  boiler  tests  made  in  October  and  No- 
vember, 1910. 

DEPRECIATION  AND   INTEREST  CHARGES 

There  is  no  charge  to  these  accounts  from  the  boiler 
house  against  this  new  engine;  but  the  cost  of  the 
new  engine,  generator,  foundations  and  its  part  of 
the  switchboard  and  wiring  are  direct  charges 
against  the  power  developed. 

The  cost  of  these  items  is  taken  from  data  on  the 
books  of  the  mill  and  amounts  to  less  than  $7,000. 
This  cost  is  made  up  as  follows: 

>At   1151b.   initiul  pressure  the  rating  of  thli  engine  would   be   170 
horse  power. 
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Engine $1,750 

Generators 1,700 

Foundations 500 

Piping 300 

Wiring  and  construction .'  2,000 

Regulators 205 

Generator  switchboard 400 

Total  cost  of  new  engine  and  generator  $6,855 
Call  this  for  safety $7,000 

Depreciation  and  interest  charges  per 
year,  15  per  cent  of  $7,000 1,050.00 

Depreciation  and  interest  charges  per 
day 3.50 

Depreqiation  and  interest  charges  per 
kilowatt  hour— ($3.50  -h  1,000  kilo- 
watt hours  per  day) 0.0035 

Other  charges  against  this  generating  set  are: 

Cost  per  day  for  additional  wages  (from 
the  books) 1.58 

Oil,  waste  and  supplies  (a  very  high  figure 
from  the  books,  which  can  be  reduced) . . .  1.00 

Total  other  charges  per  day 2.58 

Total    other    charges    per    kilowatt    hour 

($2.58  ^  1,000  kilowatt  hours  >) 0.00258 

COST  PER  KILOWATT  HOUR 

Summing  up  the  Above  Cost  Items 

Depreciation  and  interest  charges $0.00350 

''Other  charges'' 0.00258 

Fuel  cost 0.00598 

Total  cost  per  kilowatt  hour $0.01206 

Total    cost    per   equivalent    indicated 

horse-power  hour $0.00754 

*  This  total  of  1,000  kilowatt  hours  p?r  day  wa.s  obtained  from  monthly 
readinKH  of  tho  individual  integrating  watt-meter  attaehrnl  to  generator 
of  this  engine. 
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In  computing  the  above  power  cost  no  credit  has 
been  allowed  for  the  utilization  of  exhaust  steam. 
When  all  the  exhaust  is  utilized,  as  in  cold  weather, 
it  takes  the  place  of  90  per  cent  of  its  weight  of  live 
steam.  If  one-half  of  the  exhaust  produced  by  this 
engine  is  utilized  on  an  average  the  year  round  (a  safe 
estimate)  the  fuel  cost  of  steam  chargeable  to  power 
will  be  reduced  45  per  cent  and  the  total  cost  per 
kilowatt  hour  will  be  as  follows: 


Cost  Per  Kilowatt  Hour 

Depreciation  and  interest $0.00350 

"Other  charges" 0.00258 

Fuel  cost 0.00329 

Total  cost  per  kilowatt  hour $0.00937 

If  it  be  assumed  that  all  the  exhaust  of  this  engine 
is  wasted  all  the  year  round,  the  following  compari- 
sons can  be  obtained: 


Exhaust  of 
New  Engine 
all  Wasted 

One-half 
E^xhaust 
Utilized 

1,000  kilowatt  hours  per 
day,  present  work  of 
new  enfidne 

$12.06 

25.00 
12.94 
3,882.00 
55.4  per  cent 

$9.37 

1,000  kilowatt  hours  at 
2J/^   cents  with   pur- 
chased power 

Saving  per  day  by  new 
engine 

25.00 
15.63 

Saving  per  year  by  new 
engine — 300  days .... 

Interest  (profits)  on  in- 
vestment   

4,689.00 
67.1  per  cent 
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COST  DATA  FROM  THE  BOOKS 

Average  cost  per  day  for  Power,  Heat  and  Light. — 
These  figures  include  everything  but  interest 
charges. 


Old  sj'stem,  pur- 
chasing power . . . 

New  sj-stem,  mak- 
ing oym.  power . . 


Aug. 


S35.20 
$28.96 


Sept. 


$37.13 
$26.57 


Oct. 


Nov. 


$31.89 
$29.40 


$37.36,  1910 
$33.51,  1911 


i< 


a 


ti 


a 


<< 


a 


n 


n 


Average  dav  cost  1908— $27.6(>--operating  days  263 

1909—  25.40—        "  *'     2^ 

1910—  31.65—        '*  ''    303 

1911—  30.60—        ''  "     178 

(May  31-Dec.  31) 

The  new  system  was  started  in  May,  191 1,  so  that 
up  to  time  of  second  investigation  it  has  been  run- 
ning al)out  eight  months.  The  average  daj'  cost 
ft)r  1911  is  taken  from  May  31  to  Dec.  31,  giving 
seven  full  months  of  a!>out  average  temperature. 
A!)out  SI. 00  per  day  should  be  added  to  these 
figures,  which  is  paid  to  maintain  the  contract 
with  the  power  company. 

The  average  daily  power  output  for  1911  as  com- 
pared with  Oct.  25,  1909,  is  given  opposite. 

**Day  cost"  does  not  include  interest  charges,  but 
covers  power,  heat  and  Hght. 

The  table  on  page  559  gives  a  rough  comparison 
showing  that  while  the  day  cost  increased  20  per 
cent,  \\w  power  used  increased  33}^  per  cent.  These 
figures  are  favorable,  especially  in  view  of  the  large 
additions  to  the  mill  which  have  greatly  increasc^d 
the  heating  re(iuirements. 
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Power  developed  or  used 
per  day,  24  hours 

Horse-power 
hours,  1909 

Horse-power 
hours,  1911 

Main  engine  173  x  11.  . 

Purchased    power    551 
kilowatt  hours  or  new 
engine  and  generator . 

1,903 
735 

2,190 
1,332 

Total  per  dav 

2,638 
$25.40 

3,522 

Average  day  cost 

$30.60 

Notes  on  Charges  Against  Engines 

The  following  principles  were  employed  in  com- 
puting the  cost  per  kilowatt  hour  on  the  two  gen- 
erating sets. 

The  analysis  of  these  percentage  charges  is  as 
follows: 

A.  Only  about  30  per  cent  of  the  maximum  ca- 
pacity of  the  boilers  is  required  for  the  main  en- 
gine, and  while  the  remaining  70  per  cent  is  not  in 
use  for  mill  and  heating  purposes  continuously,  yet 
this  part  has  to  be  held  in  reserve  strictly  for  these 
purposes.  Therefore  about  30  per  cent  of  the  fixed 
charges  on  the  boiler  plant  is  chargeable  to  the  main 
engine  and  to  the  power  it  produces. 

As  the  exhaust  steam  from  the  new  engine  is 
utiHzed  for  heating,  thus  displacing  the  use  of  an 
equivalent  amount  of  Hve  steam,  no  additional 
boiler  capacity  was  required  on  its  account  and 
therefore  no  fixed  boiler-plant  charges  can  be  made 
against  it. 

B.  In  the  case  of  either  engine,  it  is  evident 
that  their  necessary  fixed  charges  are  to  be  charged 
against  their  respective  power  outputs. 
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